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INTRODUCTION 


By John Marquis Converse and Blair Oakley Rogers 
New York University College of Medicine, New York, N. Y. 


Participants in the Conference dealing with the Relation of Immunology 
to Tissue Transplantation, on which this Monograph is based, attempted 
to answer a number of basic questions. What is the present status of tissue 
and organ homotransplantation? How can the behavior of a skin homograft 
be explained? A skin homograft has every clinical and microscopic indica- 
tion of survival. There is little difference in the appearance of a skin homo- 
graft and an autograft in the early stages. Blood can be seen to circulate 
freely in the homograft as it does in the autograft. At the end of a short 
period of time, however, averaging little more than one week, thromboses 
are seen to occur in the vascular connections of the homograft and its host 
bed, resulting in death of the graft. What causes the vascular breakdown 
that leads to rejection of the graft? Is the reaction attributable to the de- 
velopment of an actively acquired immunity in the host as a response to the 
presence of the homograft? 

Evidence cited in the papers included in this volume favors the acquired 
immunity hypothesis as an explanation for the rejection of most adult 

tissue homografts. 
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Part I. General Discussion of Immunology: Systemic and Local Factors 
TISSUE RESPONSE IN IMMUNITY 


By Reuben L. Kahn 


University Hospital, University of Michigan, Ann Arbor, Mich. 


Introduction 


A vital defensive response of the body is its ability to localize attacking micro- 
organisms and wall them off in the area in which they gain entry. This re- 
sponse is often life-saving because it prevents the microorganisms from invad- 
ing the blood stream and reaching the other tissues of the body. The response 
is not rare or occasional, but is a commonplace manifestation in immunity. 
Should a localized infection in a given tissue break down, causing the escape of 
microorganisms into the blood stream, the localizing mechanism is then mani- 
fested in other tissues of the body. The localizing capacities of different 
tissues and, particularly, the localizing capacity of the skin investigated in this 
laboratory some years ago,' are briefly summarized in Part I of this article. 
The correlation of the results with some other experimental findings on tissue 
reactions in immunity, including reactions which are generally interpreted on 
the basis of tissue hypersensitiveness, is considered in Part II of the article. 

Few persons go through life without some readily visible localized infections, 
such as a streptococcic sore throat or a staphylococcic skin infection. What is 
the basis of the localizations of these microorganisms? Why do they not be- 
come widespread throughout the body? The answer generally given by stu- 
dents of immunity is that antibodies and phagocytes are responsible for these 
localizations. The studies herewith considered indicate that the initial local- 
ization of the microorganisms is a tissue response and is a result of the capa- 
bility of the throat tissues, in the one case, and of the skin in the other, to 
detect these microorganisms and enter into specific physicochemical union 
with them. This union is believed to be akin to the union between phagocytes 
and microorganisms. The union between tissue cells and microorganisms 
results in injury to the cells. The injury calls forth a defensive response in the 
“form of an inflammatory reaction. Antibodies and phagocytes play an im- 
portant part in this reaction and, under favorable conditions, the local destruc- 
tion of the microorganisms and the subsequent healing of the injured tissues 
take place. 

When we lack immunity toward microorganisms, we lack the capacity to 
localize them. For example, human beings lack immunity to the Treponema 
pallidum. The result is that when these microorganisms gain entry into the 
body, they are soon found in the blood stream. Similarly, when a protein 
mixture, such as horse serum, is injected into the skin of a normal rabbit, it 
soon reaches the blood stream and no inflammatory reaction is noted in the 
area of injection. But when the horse serum is injected into the skin of a 
specificially immunized rabbit, it is localized in the injected area and is thereby 
prevented from entering the blood stream. Within several hours after the 
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injection, evidence of local inflammation is noted, reaching its height about 24 
to 48 hours after the injection. pal 

Also, in the interpretation of this experiment, the general belief is that the 
localization is the result of the union in vivo of the injected antigen (horse 
serum) with the circulating antibodies that have reached the area, a concept 
proposed by Opie.? Our view is that the cutaneous tissue of the immunized 
rabbit possesses the specific capability to detect the injected horse serum, to 
differentiate it from other antigens, and to enter into union with it. This 
union interferes with the normal life of the cutaneous cells, and the resulting 
injury calls forth an inflammatory reaction which, under favorable conditions, 
leads to the destruction of the horse serum, presumably by proteolysis, and to 
the healing of the local area. Inflammatory tissue is known to possess a marked 
localizing capacity, especially for specific antigen. Therefore, in local infections 
and local injections of antigen in an immunized host, the oncoming inflam- 
matory response plays an important part in holding the microorganisms or 
antigen within the confines of the local area. 

The tissue response to protein and microbial antigens which is herein consid- 
ered does not include the response to endotoxins and exotoxins. As will be 
seen below, horse serum diphtheria antitoxin was used as a gauge in the study 
of the localizing capacities of different tissues for horse serum proteins, which 
also necessitated the use of diphtheria toxin. But the tissue response to the 
toxin was not investigated. Neither were histologic reports of the tissue re- 
sponse included in these studies. The aim was to present the results of a group 
of immunologic experiments believed to enlarge the knowledge of the role of 
the tissues in immunity, then to determine the extent to which the interpreta- 
tion of the experimental results was applicable to some other tissue reactions 
in infection and immunity.* 


Part I. The Localizing Capacities of Different Tissues in Immunity 


Quantitative determination of the localizing capacities of different tissues for 
specific antigen. The method employed consisted of the immunization of 
rabbits to horse serum in accordance with a uniform plan, and of the determi- 
nation of the localizing capacities of different tissues of the animals for the 
horse serum by employing, instead, horse serum diphtheria antitoxin stand- 
ardized in toxin-neutralizing units. In determining the localizing capacity 
of a tissue for a given number of units of the horse serum antitoxin, a standard 
dose of diphtheria toxin was simultaneously injected under uniform condi- 
tions into the skin. The toxin dose, which readily reached the blood stream, 
was lethal to rabbits and, to neutralize it, the antitoxin injected into a tissue 
similarly had to reach the blood stream. If the antitoxin remained localized, 
the animal succumbed to the toxin. Obviously, the greater the localizing 
capacity of a given tissue for the horse serum antitoxin, the greater the num- 
ber of antitoxin units that was localized in the tissue and prevented from 


* Definition of terms used in this article: the term “tissue response” is used to differentiate this response from 
that of circulating antibodies and phagocytes, and is employed because visibly it is just what the term suggests— 
a tissue response. This definition does not preclude the possibility that the tissue response in the absence of 
circulating antibodies may not be attributable to tissue-retained antibodies. By the term “antibodies” is meant 
circulating antibodies. The term ‘“‘tissue hypersensitiveness” is used only in accordance with the classical 
definition which is the opposite of defense, or “against defense”. It should be added that detailed experiments 
upon which the views expressed in this article are based are presented elsewhere. a 
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reaching the blood stream and neutralizing the toxin; and when attempting 
to protect the animal from toxic death in these experiments, the number of 
antitoxin units injected into a given tissue had to exceed the localizing capacity 
of that tissue. Accordingly, the number of antitoxin units injected into a tissue 
that was necessary to neutralize the toxin was the gauge of the localizing ca- 
pacity of that tissue. 

_ The localizing capacity of the skin of normal rabbits was first determined, 
and the experiments employed are briefly outlined as follows: 

3 Localizing capacity of skin of normal rabbits. Six rabbits were inoculated 
intracutaneously with a standard dose, 50 MLD, for a guinea pig weighing 250 
grams, of diphtheria toxin, under uniform conditions. Simultaneously, and in 
another area of the skin, the rabbits were inoculated with 1, 2.5, 5, 10, 15, and 20 
units, respectively, of antitoxin. Results: only the rabbit inoculated with 20 
units survived, while the others succumbed to the toxin. This experiment 
indicated that the skin of a normal rabbit was capable of localizing nonspecif- 
ically at least 15 units of antitoxin, thereby preventing a sufficient amount 
from reaching the blood stream and neutralizing the toxin. 

Localizing capacity of skin of rabbits previously injected with horse serum. 
Twelve rabbits were given two injections of horse serum. The first, given 
intravenously, consisted of 0.2 cc. per kilogram of body weight. The sec- 
ond, given subcutaneously a week later, consisted of 0.1 cc. per kilogram of 
body weight. Eight days after the second injection, each of the rabbits was 
given 50 MLD of diphtheria toxin as above. Simultaneously, 0, 5, 10, 20, 50, 
100, 200, 300, 500, 750, 1000, and 1500 units of antitoxin, respectively, were 
injected into the skin of the rabbits. The amounts of antitoxin employed were 
determined by previous experimental trial. Results: all of the rabbits suc- 
cumbed to the diphtheria toxin, except the one inoculated with 1500 units of 
antitoxin. This experiment indicated that the skin of an immunized rabbit 
was capable of localizing at least 1000 units, thereby preventing the antitoxin 
from reaching the blood stream and neutralizing the toxin. 

Evidently, two injections of horse serum into rabbits, which produced far 
from a strong immunity to this antigen, were sufficient to raise the localizing 
capacity of the skin for horse serum antitoxin from about 15 to 20 units to about 
--1000 to 1500 units. This experiment is illustrated diagramatically in FIGURE 1. 

Localizing capacities of different tissues of nonimmunized, actively and passively 
immunized rabbits. The same experimental plan as above was employed in 
testing the localizing capacities of the subcutaneous tissues, peritoneal tissues, 
lung, spleen, uterine wall, popliteal gland, testis, liver, joint space, skeletal 
- muscle, brain and blood stream of normal rabbits, and of animals previously 
given two immunizing injections of horse serum, employing the method indi- 
cated above. When necessary, the injections of antitoxin were made in tissues 
of anesthesized animals under operative procedures. Thus, when it was de- 
sired to determine the localizing capacity of the spleen for injected horse serum 
antitoxin, four horse serum immunized rabbits were anesthesized, the abdomen 
opened, and the spleen was exposed under surgical conditions. Diphtheria 
toxin (50 MLD) was then injected into the skin and, simultaneously, horse 
serum antitoxin was injected into the spleen. One of the rabbits was injected 
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Oo INJECTED ANTITOXIN VERY NEARLY COMPLETELY LOCALIZED 
ue INJECTED ANTITOXIN INCOMPLETELY LOCALIZED 
x INJECTION OF 50 MLD DIPHTHERIA TOXIN 


FIGURE 1 


THE QUANTITATIVE DETERMINATION OF THE LOCALIZING CAPACITY OF THE SKIN, EXPRESSED 
IN UNITS 


Rabbits were first immunized to horse serum and the specific localizing capacity was then 
tested by the injection of horse serum diphtheria antitoxin into the skin, simultaneously 
with a lethal dose (50 MLD) of diptheria toxin. 

The greater the localizing capacity of the skin for the horse serum antitoxin, the greater 
was the number of antitoxin units necessary to exceed the localizing capacity, escape into the 
blood stream, and neutralize the toxin. 


Normal Rabbits 
(Nonimmunized controls) 


15 units antitoxin localized 20 units of antitoxin 
in injected area incompletely localized 
animal succumbed animal survived 


Immunized Rabbits 
(Based on two immunizing injections of horse serum) 


1000 units of antitoxin 1500 units of antitoxin 
localized in injected areas incompletely localized 
animal succumbed animal survived 


with 100 units of antitoxin, another with 200 units, a third with 300 units, a 
fourth with 400 units of antitoxin. The first three succumbed, the last one 
survived. 

The localizing capacities of 13 tissues of normal rabbits and of rabbits actively 
immunized with horse serum are presented in TABLE 1. The localizing capaci- 
ties of four tissues of passively immunized rabbits are also presented in the table. 
The passive immunization was carried out as follows: 14 rabbits were immu- 
nized to horse serum by employing the same technique as that used in the ac- 
tive-immunization experiments; namely, by a first injection of 0.2 cc. per kilo- 
gram of body weight given intravenously, followed about a week later by a 
second injection of 0.1 cc. per kilogram, given subcutaneously. Eight days 
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‘ TABLE 1 


LocaizInG Capacities For Specrric ANTIGEN or DirFERENT TissuES Or Ni ONIMMUNIZED, 
AcTIVELY IMMUNIZED AND PasstvELy IMMUNIZED ANIMALS, EXPRESSED IN Units 


Actively Passively 
immunized Immunized 
Nonimmunized animals animals 
animals 
Localizing units 
Skins: ./. ext So OA Das i See ere 15.0-20.0 1000-1500 75-100 
(Ung cial, ee i ere 15.0-20.0 750-1000 
RerttonealenisSUGre circ uae.. cleat. a... sso 5.0- 7.5 750-1000 25— 50 
Va QiTOE, sno. gic aig Atte eae 20= 080) 400-— 500 
SYOISET. «5 3 QS Pees Sone RO Ae) 300-— 400 
Ohi Save heal ae ee Peer ae eee 2.5— 5.0 200— 300 
eDpiitcamrlandeern sch a. see Cn. 5.0-10.0 200— 300 
Dies tismmremenn ce enw tee. ca la Kotak wks 5.0-10.0 200— 300 
LAG? ot SSE = ee 2.5- 5.0 150— 200 
PMPUIC Ua SPACE. sar. cs cence oon te den es 5.0-10.0 150— 200 
DixcleLalermuiscle eso. saa le obs. ee ss we 5.0-10.0 75— 100 25-— 50 
SSI coc bie of Cea oe ee 5.0-10.0 75— 100 
le koyoval Shideehs a ee a 2.5- 5.0 50- 75 10- 30 


later, the rabbits were exsanguinated and the plasma pooled. The total 
amount, which was 800 cc., was employed for the passive immunization of 17 
normal rabbits. These animals were injected intravenously with 20 cc. per 
kilogram, and two days later the rabbits were treated with toxin and antitoxin 
exactly as were the actively immunized rabbits. 

The results (TABLE 1) indicate that the tissues of normal animals possess 
very weak but measurable nonspecific localizing capacities; that the skin pos- 
sesses the greatest localizing capacity, ranging from 15 to 20 localizing units; 
and that such tissues as the spleen and liver possess localizing capacities rang- 
ing from 2.5 to 5 localizing units. The tissues of actively immunized animals 
(based on two immunizing injections) possess relatively marked localizing 
capacities. The skin again shows the greatest localizing capacity, ranging, as 
was seen above, from 1000 to 1500 units. The localizing capacity of the sub- 
cutaneous and peritoneal tissues ranges from 750 to 1000 units; of the lung, 400 
to 500 units; of the spleen, 300 to 400 units; of the uterine wall, popliteal gland, 
and testis, 200 to 300 units. A stronger localizing capacity of the liver tissue, 
which was 150 to 200 units, was expected. Skeletal muscle and brain showed 
localizing capacities of 75 to 100 units and, when the horse serum antitoxin 
was injected into the blood stream, 50 to 75 units were sufficient for the neutral- 
ization of the toxin. | 

In the passively immunized rabbits, the localizing capacity of the four tis- 
sues studied showed a range of 75 to 100 units when the antitoxin was injected 
into the skin, a range of 25 to 50 units when injected into the peritoneal tissue 
and in skeletal muscle, and 10 to 30 units when the antitoxin was injected into 
the blood stream. 

It is understandable why the localizing capacity of the skin of an immunized 
animal is greater than that of the other tissues of the body. Immunologically, 
the skin guards against the entry of microorganisms into the body. The same 
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guarding action is undoubtedly manifested by the mucous membranes. The 
extensive localizing capacity of the peritoneal tissue may be attributable to the 
fact that the cellular elements of that tissue are ina highly active state. It may 
be that, in view of the constant presence of microorganisms and their products 
in the intestinal tract, some microorganisms or their products escape from time 
to time into the peritoneal cavity, thus helping to keep the cells in an active 
state. <n f ’ 

The lung is next in line in possessing a marked localizing capacity. This 
tissue, being in direct contact with the atmosphere through the bronchial tree, 
is essentially a surface tissue, and would accordingly be expected to possess 
marked localizing capability. The localizing capacities of the spleen, popliteal 
node, liver, testis, uterine wall, and joint space follow in that order. Finally, to- 
ward the bottom of the list, are the localizing capacities of skeletal muscle and 
brain tissue, with the blood plasma at the very end. The relationship between 
anatomic structure and the defensive function, as manifested by the local- 
izing capacities of the different tissues for specific antigen, is yet to be investi- 
gated. 

The fact that the localizing response is manifested in passive immunity is 
proof that antibodies are capable of calling forth this response. However, the 
differences in the localizing capacities of the different tissues in passive im- 
munity and in the absence of immunity are similar, and these differences are not 
nearly as marked as in active immunity. Thus: (1) in the absence of immunity, 
the localizing capacity of the skin was 15 to 20 units; of skeletal muscle, 5 to 10 
units; (2) in passive immunity, the localizing capacity of the skin was 75 to 100 
units; of skeletal muscle 30 to 50 units; (3) in active immunity, the localizing 
capacity of the skin was 1000 to 1500 units; and of skeletal muscle, 75 to 100 
units. If, then, the localizing response in active immunity were attributable 
only to antibodies, the difference in localizing units of the skin and skeletal 
muscle should have been similar in active and in passive immunity. The un- 
usually marked localizing capacity of the skin in active immunity would suggest 
that the intracutaneous tissues possess certain defensive capabilities over and 
above those due to circulating antibodies. If the localizing capacity of the 
skin were attributable to stored antibodies, it would have to be assumed that 
the body stores antibodies in the skin to a far greater extent than in other 
tissues. 


Additional Data on the Localizing Capacity of the Skin 


Development of localizing capacity. Experimental indications are that, 48 
hours after a single immunizing injection of an appropriate amount of horse 
serum into a rabbit, an increase in the localizing capacity of the skin over the 
normal capacity becomes measurable. Accordingly, on the injection of 1 cc. 
of horse serum, previously diluted 1:1000 with physiologic salt solution, the 
localizing capacity of the skin for horse serum antitoxin is increased from 15 
to 20 units to 25 to 30 units. 

TABLE 2 gives the results of another experiment. Eighteen rabbits were 
given a subcutaneous immunizing injection of 0.2 cc. horse serum per kilo- 
gram of body weight. At specified intervals after the injection, a given num- 
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TABLE 2 


DEVELOPMENT OF LOocaALizING CAPACITY OF THE SKIN FOLLOWING A SINGLE INJECTION 
oF Horsre SERUM 


Days after immunizing injection Localizing capacity of skin in units 
0 15- 20 
3 40- 75 
7 150-200 
10 200-300 


ber of rabbits was tested for the localizing capacity of the skin. As is evident 
from the table, the localizing capacity on the day of the immunizing injection 
was 15 to 20 units; three days later it was 40 to 75 units; seven days later, 
150 to 200 units; and, ten days later, 200 to 300 units. 

These immunologic changes in the skin, beginning about 48 hours after 
the injection of protein, suggest that the period of incubation in immunity 
is not a dormant but an active period. It is possible that, during an incuba- 
tion period in an infection, a subclinical struggle goes on between the host 
and microorganisms. If the host succeeds in destroying the invaders by the 
development of adequate defensive mechanisms, he will not succumb to the 
infection. Furthermore, as a result of this successful subclinicial struggle, 
he will have acquired active immunity to the microorganisms. If the host 
does not succeed in destroying the invaders during the incubation period, he 
will succumb to the infection and the struggle will be on a much larger scale. 
The tissues will then have developed relatively marked localizing capacities 
for the microorganisms, and a sufficient concentration of antibodies and phago- 
cytes will have become available that are specifically directed against the micro- 
organisms. 

Subsidence of localizing capacity. TABLE 3 gives the results of an experiment 
in which the subsidence of the localizing capacity was measured. Twenty- 
seven rabbits were used in this experiment. They were all injected intraven- 
ously with 0.2 cc. of horse serum per kilogram of body weight and, about a 
week later, with 0.1 cc. per kilogram of body weight, given subcutaneously. 

_-It is evident from the table that 20 days after the second injection, the localiz- 
__ ing capacity of the skin was 200 to 250 units; 31 and 50 days after, 50 to 100 
units, and, 72 days after, 20 to 30 units. In another experiment to be described 
later, it was shown that 189 days after an immunizing injection of human 


TABLE 3 


SUBSIDENCE OF LOCALIzING Capacity OF SKIN Fottowinc Two ImmunizinG INJECTIONS 
oF HorsE SERUM 


= 


Days after second immunizing injection Localizing capacity of skin in units 
20 200-250 
31 50-100 
50 50-100 


72 20-— 30 
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TABLE 4 


INCREASE IN Locatizinc Capacity OF SKIN AFTER REPEATED IMMUNIZING INJECTIONS 
or HorsE SERUM 


Number of immunizing injections Localizing capacity of skin in units 
0 15-— 20 
One 200— 300 
Two 500-1000 
Three 1750-2000 
Four 2000-2500 
Five 2000-2500 


serum, rabbits still manifested the localizing capacity, shown by an inflamma- 
tory reaction in the skin to the injection of specific antigen. 

Increase in localizing capacity. Inanother experiment, in which 29 rabbits were 
employed, it was desired to determine the extent to which the localizing capacity 
of a tissue for specific antigen may be increased by repeated immunizing in- 
jections of the antigen. The method consisted of repeated subcutaneous in- 
jections of 0.2 cc. of horse serum per kilogram of body weight, given at 10-day 
intervals, followed by the determination of the localizing capacity of the skin 
10 days after the last injection. The results of this experiment (TABLE 4) in 
which five immunizing injections in rabbits were employed, and of another 
which consisted of eight immunizing injections, showed that after four or five 
immunizing injections, given under the conditions of this experiment, localizing 
powers of 2000 to 2500 units were reached. Beyond four or five immunizing 
injections, no further increase in localizing units was observed. 

Localizing capacity in the young. Ina series of experiments on the localizing 
capacities of the tissues of young rabbits, it was observed that these possessed 
but weak localizing capacities following immunizing injections. The results of 
one experiment are presented in TABLE 5. In the case of immature rabbits, 
six animals, seven days old, were injected subcutaneously with 0.25 cc. of horse 
serum, followed by a similar injection of 0.2 cc. of horse serum 10 days later. 


TABLE 5 


DIFFERENCES IN LOCALIZING CAPACITIES OF THE SUBCUTANEOUS TISSUES OF IMMATURE 
(26 Days OLD) AND MAtuRE RappBits 


Type of rabbits Localizing capacity of skin in units 


Normal controls 


Mila CU ioe erga mE <0 cic). (x acts odes ocala deme eae ae eee 15-20 
mma ttre ane eee. ss ce 2 Wea ree eee 2.5- § 


Nine days after two subcutaneous injections of horse serum 


Martha G28 onc toe ae Pas Fos: hs snc tS ee | 700-1000 
Immature | ieee ree eerie reece or ce Ae we en teen = 7S 


* O10 {dave old 
+ 26 days old 


Kahn: Tissue Response in Immunity 289 


In so far as the adult rabbits were concerned, these were given subcutaneously 
0.2 cc. of horse serum per kilogram of body weight, followed 10 days later with 
0.1 cc. of horse serum per kilogram, also subcutaneously. The methods of 
immunization were thus similar but not identical in the mature and immature 
rabbits. 

The results of this experiment indicate that the subcutaneous tissue of 
normal, immature rabbits possesses a localizing capacity for foreign protein 
about one third of that possessed by the subcutaneous tissue of adult rabbits. 
After immunization, the localizing capacity of the subcutaneous tissue of the 
immature rabbits approximates one tenth of that manifested by the same tis- 
sue of the mature animals. The basis for the weaker localizing capability of 
young rabbits lies, very likely, in the immaturity of the defensive function. 

Nature of the localizing response. It should be emphasized that we are not 
dealing here with antigens that are toxic, but with antigens that will call forth 
a local inflammatory reaction when injected into a tissue of a specifically im- 
munized animal and will not call forth an inflammatory reaction when injected 
under similar conditions into a nonimmunized animal. 

It is believed that a tissue cannot localize specific antigen unless the tissue 
cells possess an attractive force for the antigen and a capability to enter into 
some physicochemical union with it. This union involves also the capability 
of the tissue cells to detect specific antigen and to differentiate it from non- 
specific substances. The union leading to the localization of the antigen is not 
considered unique in immunity. For the union between antibody and specific 
antigen may be said to be the localization of the antigen by the antibody, and 
the union between phagocyte and specific bacteria to be the localization of the 
bacteria by the phagocyte. It would appear, therefore, that a primary re- 
sponse in immunity is the development of the capability of the body tissues, 
the antibodies, and the phagocytes, to enter into specific combination with 
the antigen. It is possible, of course, that the capability of the body tissues as 
well as of the phagocytes to combine specifically with antigen is attributable to 
retained antibodies. 

The skin shows a greater localizing capacity than that shown by other tissues, 
presumably because it is a surface tissue. Having been exposed to the outer 
world through evolutionary ages, it has built up a marked capacity to localize 

_ microorganisms, to prevent thereby their entry into the blood stream. Ap- 
parently, the same localizing capacity is manifested against other antigens, 
such as proteins, since the latter represent a major antigenic constituent of 
microorganisms. . 

It is assumed that the tissues of an immunized animal are capable of manifest- 
ing only an initial localizing response for the specific antigen. This initial 
response, while protective to the body as a whole, Is injurious to the local 
tissue, just as phagocytosis is protective to the body asa whole, but injurious to 
the phagocytes. The local tissue. injury calls forth an inflammatory reaction 
which greatly strengthens the localization, undoubtedly because inflammatory 
tissue, being rich in phagocytes and having a high blood volume containing 
antibodies, possesses a marked affinity for the specific antigen. The localiza- 
tion may also be strengthened by the fine network of fibrin formed within the 
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inflammatory area which provides a mechanical barrier against the escape of 
the antigen. 

What becomes of the specific antigen within an inflammatory area? It can 
be demonstrated experimentally that, on the injection of a given amount of 
protein into the skin of a specifically immunized animal, the antigen in the form 
of precipitinogen is not found in the blood stream. It can also be demonstrated 
that extracts pressed from the local inflammatory tissue yield very nearly the 
total amount of antigen injected if obtained soon after the injection. But 
from one to five days after the injection, the amounts found in the extracts are 
gradually reduced, until none can be detected. Based on these findings it is 
assumed that the disappearance of the antigen from the injected area is the 
result of local proteolysis. 

Although the studies herewith presented indicate that the tissues in immunity 
possess the initial capacity to localize specific antigen, it is not desired to stress 
the fact that this capacity may not be based on undetected antibodies. But 
until such antibodies are detected, it seems best to associate the initial local- 
ization with the tissues, since localization is visibly a tissue reaction. What 
we wish to stress is the defensive nature of the localizing response. This 
response is apparently so vital to the defense of the host that it becomes measur- 
able as early as 48 hours after an immunizing injection of foreign protein, some 
days before circulating antibodies can be detected, and is still measurable about 
six months after an injection of antigen, weeks after such antibodies have 
disappeared. 


Part II. Correlation of Localizing Response with Other Tissue Responses in 
Immunity 


In this section, an attempt will be made to correlate the defensive role of the 
tissues, as manifested by the localizing response, with reactions generally classed 
as hypersensitive, such as the Arthus reaction,* anaphylactic shock,* and certain 
other tissue reactions in immunity. These reactions will be considered very 
briefly, since the aim is merely to determine whether they are hypersensitive 
or defensive responses. 

Defensive inadequacy of localizing response—Arthus reaction. The basic aim 
of the localizing response is presumably the local destruction of the micro- 
organism or antigen. This aim is not always fulfilled because a direct quanti- 
tative relationship exists between the degree of immunity of an animal and its 
capacity to localize and destroy specific antigen by means of an inflammatory 
reaction. 

This quantitative relationship between the degree of immunity of rabbits toa 
protein antigen (horse serum) and the capacity of the animals to localize the 
antigen when injected into the skin was studied in this laboratory. It was 
found that, as is generally known, a rabbit that is weakly immunized to horse 
serum will manifest a slight localizing capacity to a subcutaneous injection of 
this antigen, followed by a mild inflammatory reaction in the injected area. If 
in such a rabbit, an amount of horse serum is injected subcutaneously which 
exceeds the specific localizing capacity of the subcutaneous tissue, the excess will 
escape from the area of injection, enter the blood stream, and become dissem- 
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inated throughout the body, A rabbit that is strongly immunized to horse 
serum will, of course, localize a comparatively larger amount of injected antigen. 
The resulting inflammatory reaction will be more marked, and the injected 
horse serum will disappear from the local area and will not be found in the 
blood stream, indicating that it is destroyed locally. After a given number of 
days the local area will revert to normal. 

Suppose, however, an amount of horse serum is injected subcutaneously in 
a strongly immunized animal in excess of its capacity to destroy the antigen by 
means of the inflammatory response. The localizing capacity of such an ani- 
mal is generally so marked that it will be able to retain the excessive amount of 
injected antigen, but the inflammatory reaction may not be strong enough to 
destroy it completely. The inflammatory area will then become black and 
necrotic. Instead of increased blood volume, which is part of the defensive 
inflammatory response, the blood supply especially within the central inflam- 
matory area is cut off. The blood vessels become filled with thrombi, and death 
of tissue is the result. 

Indications are that the presence of free antigen in a given area within a 
specific inflammatory reaction will cause that area to become necrotic. Tissue 
necrosis as part of the specific inflammatory response to injected antigen, re- 
ferred to as the Arthus reaction, is believed to be associated with the inability of 
an immune animal to destroy all of the antigen. That the animal is in a de- 
fensive state, and not in a state of local anaphylaxis or ‘‘against defense,” is 
shown by the fact that it will readily localize and, by means of an inflammatory 
response, completely destroy nonexcessive amounts of injected antigen. Only 
when the amount injected exceeds the defensive capacity of the animal is tissue 
necrosis Within the local inflammatory reaction noted. 

That the presence of free antigen within a specific inflammatory reaction will 
lead to tissue necrosis can also be demonstrated by the following simple experi- 
ment. A specific inflammatory reaction is elicited in the skin of a rabbit that 
had been previously immunized by several injections of horse serum. A 
minute amount, such as 0.03 cc. of horse serum, is injected within the raised 
inflammatory area. The injected focus will then become black and necrotic. 
A similar injection of nonspecific antigen, such as human serum, may cause the 
- injected focus to become slightly bluish temporarily, but no necrosis results and 
the discoloration soon disappears. 

Still another way in which an inflammatory area can be experimentally 
changed into a necrotic area is by first injecting a small amount of the antigen 
into the skin of an immunized animal—enough to call forth a mild inflammatory 
reaction—and then to inject an excess of the same antigen intravenously. 
When the amount injected is sufficiently large, the local inflammatory reaction 
will very rapidly undergo necrotic changes, owing undoubtedly to the accu- 
mulation of the circulating antigen within the inflammatory area. This aspect 
will be discussed in the pages that follow. ; 

Direct interference with localizing response—anaphylactic shock. Recogniz- 
ing that the localizing response of an immune animal to infectious microorgan- 
isms is a vital defensive mechanism in preventing the microorganisms from 
entering the blood stream and becoming disseminated throughout the body, the 
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animal might be expected to show some untoward effects when this mechanism 
is disrupted by the injection of microorganisms directly into the blood stream. 
Recognizing also that an animal reacts to proteins in essentially the same way 
as it does to infectious microorganisms, the basis for anaphylactic shock be- 
comes understandable. Accordingly, a first injection of antigen causes an ani- 
mal to become immunized and to develop the capacity to localize the specific 
antigen and prevent its entry into the blood stream. Then, when this defen- 
sive response is antagonized by injecting the antigen directly into the blood 
stream, shock is the result. It is as if an ancient city fortified itself against an 
enemy attack by building an almost impregnable wall, and then suddenly 
found the enemy practically everywhere parachuting from the sky. Confusion, 
havoc, and the death of many citizens would be bound to follow. 

In the study of differences in the specific localizing response of different 

tissues of rabbits, more than 1000 of these animals were uniformly immunized to 
horse serum by an intravenous injection of 0.2 cc. per kilogram of body weight 
followed 8 to 10 days later by 0.1 cc. per kilogram of body weight, injected subcu- 
taneously. Not a single rabbit showed any untoward effect following the 
subcutaneous injection. Had the procedure been reversed, and had the ani- 
mals been given a subcutaneous injection followed by an intravenous injection, 
a number of them would undoubtedly have manifested symptoms of shock, and 
would have been considered in an anaphylactic state. Evidently the intra- 
venous injection would have directly interfered with the localizing mechanisms 
brought into play by the first injection. 
+ If we were able to undertake studies of the localizing response of the tissues 
of guinea pigs to a protein antigen, we should simply avoid those experimental 
conditions that favor the production of anaphylactic shock. For example, we 
should avoid administering the protein in the blood stream, not only as a second 
injection but also as a first injection; the reason being that some guinea pigs 
show untoward effects even to a first injection. Instead, we should give 
several subcutaneous injections about five days apart, and thus eliminate also 
the 10-day incubation period after the first injection, which may lead to anaphy- 
lactic shock. 

Why only a single injection of protein in some tissue is needed to sensitize a 
guinea pig to anaphylactic shock, and why the amount injected can be very 
small, we are not prepared to say. Nor do we understand why the second 
injection suddenly leads, among other things, to the contraction of smooth 
muscle, and causes so severe a spasm of the relatively rich bronchial muscu- 
lature as to result in the asphyxiation of the animal. 

But it is understandable why the second injection has to be given intra- 
venously and in a larger dose than the first. However small the first dose 
might have been, it was apparently sufficient to develop in the animal defensive 
mechanisms against the entrance of the antigen in the blood stream: mech- 
anisms developed through the ages for self-preservation in the struggle against 
microorganisms. ie he sudden breakdown of these mechanisms by the in- 
travenous injection is apparently the forerunner of shock. A subcutaneous 
injection of the antigen may also produce shock in certain instances, but the 
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dose has to be many times larger than the intravenous dose, so as to permit the 
rapid entry of the antigen into the blood stream. 

That passively immunized animals are sensitive to shock is also understand- 
able. Since such animals manifest the tissue-localizing response, it would be 
expected that they would show shock when this response is interfered with by an 
intravenous injection. The dependence of anaphylactic shock on a specific 
antibody makes it difficult to explain why rabbits, which are far better antibody 
producers than guinea pigs, are less prone to manifest shock to an intravenous 
injection of the antigen. 

As is well known, anaphylactic shock occurs only under conditions of injec- 
tion. The presence of microorganisms or protein antigen in the blood stream 
under natural conditions produces no symptoms resembling shock. The study 
of any and all untoward effects associated with methods of injection is thus of 
the greatest importance. Medical practice has come to depend a great deal on 
injection methods. It is therefore essential to understand all effects resulting 
from the employment of these methods, aside from the substances injected. 

Strange as it may seem, the classical concept of tissue hypersensitiveness, 
originally applied to a tissue response resulting from a particular injection, is 
commonly being applied to tissue responses in immunity under natural con- 
ditions. This application is so general that tissue responses in immunity have 
become almost synonomous with tissue hypersensitiveness. Thus is the 
student of infection and immunity constantly faced with the incongruity of 
correlating tissue hypersensitiveness with humoral and phagocytic defense. 
It is to overcome this difficulty that emphasis is given to the concept that anaphy- 
lactic shock is not attributable to a state of hypersensitiveness or ‘‘against 
defense” but to the interference with the defensive function by the intravenous 
injection. 

In accordance with this concept, an infected or injected animal is always 
and invariably in a defensive state, and the defense is manifested jointly by 
the tissues, the antibodies, and the phagocytes. However, the defensive 
function may be inadequate in meeting a given situation; it may be interfered 
with by a particular method of injection; and, above all, it may manifest ab- 
normalities just as other biologic functions manifest them. Abnormalities in 

_-the defensive function take us to allergic disturbances, the discussion of which 
is in adequate hands in this monograph. 

Spontaneous intensification of localizing response—flare-up reactions. The 
spontaneous intensification of a preformed inflammatory response to specific 
antigen is a common tissue reaction in immunity. In order to bring about 

_. flare-up reactions to protein antigens in rabbits, it is necessary to have the ani- 

mals in a highly immune state. For example, rabbits which were given but 
two injections of horse serum did not manifest the flare-up reaction. But rabbits 
given five or more injections, five to seven days apart, readily manifested this 
reaction. myer! 

A very small amount of horse serum, such as 0.1 cc. of 1:100 dilution with 
salt solution, was injected into the skin of such rabbits. A mild inflammatory 
reaction resulted. Then, by injecting a relative excess, such as 20 cc. of horse 
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serum intravenously, the inflammatory area was spontaneously intensified and 
became black in color centrally. A similar intravenous injection the next day 
resulted in ulcer formation within the inflammatory area. If the amount of 
horse serum originally injected into the skin was too small to call forth a visible 
inflammatory response, an appropriate intravenous injection of the same antigen 
caused the injected area to flare up and become visible. 

At least three conditions are necessary to elicit specific flare-up reactions 
to protein or microbial antigens: (a) a given degree of immunity; (b) an inflam- 
matory focus, visible or invisible, associated with the localization of specific 
antigen in a tissue; and (c) the presence of a given concentration of the same 
antigen in the blood stream. Apparently, the specific attraction of the in- 
flammatory area for the circulating antigen leads to the accumulation of the 
antigen within that area and to the intensification of the inflammatory response. 
Actually, as the antigen accumulates in the inflammatory area, its concentration 
often exceeds the local antigen-destructive capacity. The presence of free 
antigen within the inflammatory area then results in tissue necrosis. 

The defensive nature of spontaneous flare-up reactions is best illustrated 
by means of microorganisms. Suppose, in an immune animal, a localized 
streptococcic infection in the skin leads to an inflammatory focus which, at 
first, is too mild to prevent the escape of microorganisms. The result is the 
presence of the microorganisms in the blood stream which, of course, is of great 
danger to the life of the animal. The continued presence of the microorganisms 
in the blood stream indicates inadequate facilities for their destruction by 
phagocytosis and bacteriolysis, and may lead to multiple localizations in the 
body. It may lead to miliary localizations and death. But as the specific 
immunity of the animal is increased from day to day, the inflammatory focus is 
strengthened by the accumulation of phagocytes, the increase in fluid volume 
containing antibodies, and by other factors. The result is that the specific 
attractive force of the inflammatory area for the circulating microorganisms 
becomes increased. The microorganismsare then drawn from the blood stream, 
where facilities for their destruction are apparently inadequate, to the inflam- 
matory focus where there exists more extensive facilities for their destruction. 
Actually, as the microorganisms accumulate in the inflammatory focus, their 
concentration may become so high as to overcome the defensive facilities of 
the inflammatory response, with the result that the flare-up reaction may in- 
clude considerable destruction of the local tissue, leading to ulcer formation. 

Other tissue reactions associated with the presence of antigen in the blood 
stream of a specifically immunized animal will be considered later. First, flare- 
up reactions in different situations in infection and immunity will be briefly 
summarized. 

S pontaneous flare-up reaction in primary syphilis. A typical flare-up reaction 
is seen in primary syphilis. When the spirochetes first gain entry in, let us 
say, the skin, there exists no specific immunity to cause them to become so 
strongly localized as to prevent their reaching the blood stream. The nonspe- 
cific localizing response of the skin is apparently sufficient to establish a slight 
localization of the microorganisms, and the resulting tissue injury undoubtedly 
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leads to an inflammatory reaction so weak as to be invisible. Meanwhile, the 
microorganisms soon reach the adjoining lymph glands and the blood stream, 

In about one month, the three factors may have developed which favor a 
flare-up reaction, namely: a high enough degree of immunity, a specific inflam- 
matory focus where the microorganisms became localized, and the presence of a 
given concentration of the microorganisms in the circulation. Then, the speci- 
fic attractive force of the inflammatory focus for the microorganisms draws them 
out of the blood stream into the focus, resulting in its intensification. As the 
microorganisms continue to accumulate in the focus, their concentration may 
become so high as to render the defensive inflammatory reaction inadequate 
for their destruction, the result then is necrosis of the local tissue and ulcer 
formation. 

The question might arise as to why the assumption that the spontaneous 
flare-up of the primary lesion in syphilis is the result of the accumulation of 
microorganisms from the blood stream. Could not the microorganisms accumu- 
late in the primary lesion without regard to the presence of the microorganisms 
in the circulation? The answer is, first, that the primary lesion follows the 
principles of experimental spontaneous flare-up reactions and, second, that the 
primary lesion occurs with the development of immunity and of spirocheti- 
cidal powers, and it is not likely that, at that time, the microorganisms would 
be growing freely within the primary focus to such an extent as to neutralize the 
defensive inflammatory reaction and lead to ulcer formation. 

Since primary lesions are dependent upon three different quantitative factors, 
it is understandable why such lesions are not alway seen in early syphilis. For 
example, if the concentration of spirochetes in the blood stream is low, due to 
high spirocheticidal powers possessed by the infected individual, the numbers 
accumulating in the initial focus will be insufficient to cause a flare-up reaction, 
and no primary lesion will be visible. High immunity might also mean the 
successful destruction of the spirochetes within the initial localized focus and the 
prevention of the flare-up reaction. 

Flare-up reaction in tularemia. This reaction is considered because, al- 
though the P. tularensis is explosively virulent, the basic immunologic cycle 
is the same as in early syphilis. Thus, the P. tularensis might become in- 

_-oculated in the skin of the hand through an abrasion while skinning an infected 
rabbit. Due to the lack of immunity of the host, no inflammatory reaction is 
visible. The microorganisms soon reach the lymph glands, as in syphilis, and 
find their way into the blood stream. Associated with the rapid growth of the 
microorganisms in the blood stream, immunity begins to develop in the course of 
. days (instead of in the course of weeks as in syphilis). Soon conditions begin 
~ to be favorable for the accumulation of microorganisms in the area of pri- 
mary inoculation and for the flare-up of that area, and the result is ulcer for- 
mation. ; ; opie & 

Flare-up reaction in typhoid fever. In this disease, important disseminating 
foci of the typhoid bacilli are Peyer’s patches and the solitary lymph lodes. 
The degree of the inflammatory response in the areas of initial localizations of 
the microorganisms is dependent on a number of factors, which include the size 
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of the infecting dose and the extent of natural immunity to typhoid bacilli 
possessed by the infected individual. It is assumed that the inflammatory 
response is inadequate to destroy the microorganisms locally, with the result 
that they escape into the blood stream where they circulate for the first week or 
10 days. Under conditions of low bactericidal powers, large numbers of typhoid 
bacilli will undoubtedly be drawn from the blood stream to the initial inflam- 
matory foci until the bactericidal powers may become strong enough to destroy 
the microorganisms. If, however, the microorganisms should continue to ac- 
cumulate within the inflammatory foci in the intestinal wall, due to insufficient 
defensive powers of the host, the flare-up reaction may lead to such marked 
tissue necrosis as to result in the perforation of the intestine. 

Flare-up reaction in experimental tuberculosis. If living tubercle bacilli 
are injected into the skin of a guinea pig, no significant local inflammatory 
reaction is evident. The guinea pig, lacking immunity to these bacilli, possesses 
no capability to localize them and to prevent or delay their entry into the blood 
stream. Only a weak, nonspecific localizing response comes into play. Mean- 
while, the bacilli soon reach the regional lymph glands and the general cir- 
culation. In due time, the animal will have passed from a nonimmune into the 
immune state. The circulating bacilli will be drawn from the blood stream to 
the local area of injection and call forth a spontaneous inflammatory reaction 
and, as sufficient numbers of the tubercle bacilli accumulate in that area, ulcer 
formation will result. 

Flare-up reaction in serum sickness. A given amount of horse serum anti- 
toxin is injected into a patient. About 10 days later, the site of injection may 
flare up. The factors which govern this flare-up reaction are, in our opinion, 
the same as those which determine the flare-up reactions considered above. 
During the 10-day interval following the injection, the patient has developed 
a given degree of immunity and the horse serum antitoxin begins to disap- 
pear, presumably by proteolysis. In those patients, however, in whom the 
concentration of horse serum in the blood stream remains sufficiently high, the 
serum may accumulate in the area of initial injection so as to cause the weak 
or perhaps invisible inflammatory reaction to flare up. 

Flare-up reactions in natural immunity. By the use of killed suspensions of 
staphylococci, streptococci, or the colon-typhoid group of microorganisms, we 
have been able to produce flare-up reactions in normal rabbits. All that is neces- 
sary is to inject a small amount of a given suspension into the skin. An inflam- 
matory reaction will appear in 24 to 48 hours. This reaction is attributable to 
the natural immunity of rabbits to these microorganisms, since in the absence 
of immunity, no local inflammatory reaction would occur. Then, by injecting 
intravenously relatively large numbers, such as several cubic centimeters each 
containing a billion microorganisms, the inflammatory area will change from 
red to purple in color. With repeated intravenous injections of the microorgan- 
isms, the local area will ulcerate. 

; Exaggerated flare-up reaction—Shwartzman phenomenon.’ This phenomenon 
is a flare-up reaction having certain distinctive features. To elicit a typical 
Shwartzman phenomenon, the following factors should be noted: (1) non- 
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immunized rabbits are employed; (2) the preparatory injection in the skin is 
made with a filtrate of bacterial origin; (3) the provocative injection may be 
made with some nonspecific agent; (4) the provocative injection must be made 
intravenously to call forth necrosis in the skin area; (5) it must be injected 
close to 24 hours after the preparatory skin injection; (6) if the provocative 
agent, whether specific or nonspecific, is injected directly in the preparatory 
skin area, no necrotic changes are noted in the area. 

First, it will be recalled that rabbits possess a relatively high degree of 
natural immunity to practically all common microorganisms, especially to those 
of the colon-typhoid group. It is then conceivable that the preparatory in- 
jection of the bacterial filtrate activates the natural immunity sufficiently to 
stimulate the localizing capacity of the animals and the sensitivity to intrave- 
nous injections. Whatever the explanation of the Shwartzman phenomenon 
may be, the animals apparently are in an immune state, and a local injection, 
followed by an intravenous injection, fulfills the three conditions necessary 
to call forth flare-up reactions. 

Temporary loss of localizing response. As already noted, a given concentra- 
tion of antigen in the blood stream of an immunized animal causes a specific 
preformed inflammatory reaction to flare up. Actually, several other immu- 
nologic changes are noted. One of these occurs when the concentration of the 
specific antigen in the blood stream is sufficiently high. Then there is a tempo- 
rary loss of the localizing response to the injection of the antigen into a tissue, 
such as the skin, accompanied also by the temporary loss of serum precipitins. 

Thus, the intravenous injection into a specifically immunized rabbit, of 5 cc. 
of human serum per kilogram of body weight, will result in the loss of capability 
of the localizing response to an injection of human serum in the skin for a period 
of about six hours, after which the response begins to return. Serum precipitins 
also practically disappear during that time. But about five days later the titer 
is likely to be higher than before the injection. By that time, the specific 
antigen (precipitinogen) is generally no longer detectable in the blood stream. 
The explanation for the temporary loss of the skin response to the local injec- 
tion of the antigen is that the tissues very likely have become saturated with the 
circulating antigen. This explanation is believed to be particularly true of the 

_cutaneous tissue which has so marked an affinity for the antigen. It is there- 
fore understandable why this tissue would not be capable of localizing additional 
antigen. 

An intravenous injection of a killed suspension of microorganisms in a 
specifically immunized rabbit will result in no change in agglutination titer, but 

_.in a temporary loss in the capability to localize the same microorganisms when 
injected into the skin. For example, a rabbit showing a skin response to an 
injection of 200,000 killed typhoid bacilli was injected intravenously with 4 ce. 
per kilogram of body weight of a suspension of three billion microorganisms per 
cubic centimeter. One hour after the intravenous injection, no skin response 
was noted to the local injection of as many as two billion microorganisms per 
cubic centimeter. At the time of the loss of the skin response, the agglutination 
titer of the rabbit was not affected. As in the case of the protein antigen, the 
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loss of the skin response is believed to be due to the saturation of the tissues 
with the circulating microorganisms or their antigenic constituents. The 
lack of effect on the agglutination reaction is not understood. , 

Skin eruptions. It was reported in Part I that, in the presence of immunity, 
the cutaneous tissue possesses more than ten times the localizing capacity for 
injected antigen that some of the other tissues possess. Such a marked capacity 
must be based on a similarly marked affinity of the cutaneous tissue for specific 
antigen and, when this affinity is manifested at a time when the antigen is 
circulating in the blood stream, it would be expected that the antigen would be 
drawn to the cutaneous tissue. 

Whether or not the antigen could permeate the cutaneous tissue and reach 
the outside, would probably depend largely on the molecular size of the antigen. 
Viruses would undoubtedly be more successful than bacteria in permeating the 
cutaneous tissue. Meanwhile, the cutaneous tissue cells would undergo some 
injury, however slight, by this close contact with the antigen, leading to redness 
which represents a partial inflammatory response to the injury. Mucous 
membranes also may be the sites of rashes because they too undoubtedly 
possess a marked affinity for circulating antigen. 

Let us consider the secondary rash in syphilis. When the rash appears, the 
infected individual will have developed a considerable degree of immunity, 
shown by the fact that the spirochetes in the primary lesions have been or are 
being destroyed by spirocheticidal activity. But this spirocheticidal activity 
is apparently inadequate in ridding the circulation of the microorganisms. If 
this activity were adequate, the circulation would have become free of the 
microorganisms and there would be no secondary rash. Meanwhile, even in 
the face of weak spirocheticidal powers, the immune response of the tissues 
continues to increase and, in due time, the attractive force of the cutaneous 
tissues for the circulating microorganisms may become so pronounced as to 
draw them from the circulation outwardly. It is as though the body, finding 
that its antibody mechanism is inadequate in destroying the enemy in the 
blood stream, makes an effort to eliminate them through the surface tissues. 
Apparently, the first line of defense in syphilis is the development of spiro- 
cheticidal powers and, when this defensive mechanism is fully developed, most 
of the microorganisms are killed off and no secondary rash results. 

Undoubtedly, marked differences exist in the capacities of the cutaneous 
tissues of different infected individuals to attract the spirochetes and draw 
them outwardly. It should be added that, while the rash is evidently a de- 
fensive mechanism in enabling the infected individual to eliminate vast 
numbers of microorganisms, it is also helpful to the parasite inasmuch as it is 
thereby enabled to continue its own survival by establishing itself in other 
individuals. The rash indeed illustrates a common characteristic in parasit- 
ism; namely, that a defensive reaction of the host may be of some advan- 
tage also to the parasite. 

The severe skin eruption in smallpox might be taken as another illustration. 
The eruption generally makes its appearance by the third or the fourth day 
after the onset of the disease. The infected person is not yet able to destroy 
the virus. Still, the fact that, as the rash comes out the temperature falls, the 
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general symptoms subside and the patient feels comfortable would suggest 
that the rash is a defensive mechanism by which the body attempts to eliminate 
the virus. By the fifth day of the infection, the eruption becomes pustular. 
Having seen the extent to which tissue necrosis takes place in specific inflam- 
matory areas in which the antigen accumulates, the likelihood is that the tissue 
necrosis within the pustules is due to continued growth of the virus within them. 

In measles, the skin eruption is accompanied by Koplik spots in the mucous 
membrane in the mouth. Immunologically these spots must be the result of an 
attempt to draw the virus outwardly, based on an attractive force existing 
between the mucous membrane and the virus similar to that existing between the 
skin and the virus. 

Rash formation may also be noted in human beings following injection of 
protein solutions, such as horse serum antitoxin. If, as immunity develops, 
the horse serum proteins are readily destroyed by proteolysis, the develop- 
ment of the marked attractive force of the cutaneous tissue for the proteins 
exerts no untoward effect on the host, because they have already disappeared. 
If, however, as immunity develops, the horse serum proteins are destroyed 
slowly, they may be present in high enough concentration in the blood stream 
some ten days after the injection, at the time when the cutaneous tissue is 
_ beginning to manifest a marked attractive force for them. The horse serum 
proteins will then be drawn to that tissue. Apparently, the body lacks the 
capacity to eliminate the proteins outwardly, as in the case of the outward 
elimination of the 7. pallidum in the secondary rash in syphilis and of the virus 
during the eruption in smallpox. The result is edema and other symptoms 
clinically known as ‘‘serum sickness.” 

The question arises why, in an immunized host, when microorganisms Cir- 
culate in the blood stream, they are drawn to the skin, resulting in rash forma- 
tion only in certain infections, especially those associated with virus diseases and 
with spirochetes, but not commonly in infections of bacterial origin. The 
answer may be that rashes, as a sequel to the presence of microorganisms in the 
blood stream, are very likely governed by a number of factors, including the 
size of the microorganisms, especially their capacity to pass through membranes, 
their mobility, and the defensive capacity of the host to destroy them. When 
eirculating spirochetes in syphilis are eliminated through the skin, resulting in 
rash formation, the indications are that the host has lacked the capacity to 
destroy them, and their elimination is in the nature of a last attempt on the part 
of the body to free itself of them. The same may be true of certain viruses 
circulating in the blood stream. In the case of circulating bacteria, however, 
_phagocytosis may generally be successful in dealing with the microorganisms. 
Thus, Cannon, Sullivan, and Neckermann’ injected living bacteria, such as 
“staphylococci and paratyphoid bacilli, into the blood stream of rabbits and 
followed their disappearance from the circulation. In immunized animals, the 
bacilli were rapidly removed from the blood stream by various organs, par- 
ticularly the liver and the spleen, where they were phagocytized by the macro- 
phages and leucocytes. Ae 

Localizing response and nonspecific immunization. Rabbits immunized with 
human serum have been found to show a more marked localizing response than 


300 Annals New York Academy of Sciences 


normal rabbits to the subcutaneous injection of horse serum. When this 
response was measured by the unit scale described in Part I of this report, it 
was found that, whereas the skin of normal rabbits localized between 15 to 20 
units of horse serum antitoxin, the skin of human serum-immunized rabbits 
localized between 30 to 40 units. This nonspecific increase in the localizing 
capacity of the skin was obtained after five immunizing injections of human 
serum, but not after two injections. The human serum had been heated for 30 
minutes at 56°C. before injecting, and the amounts injected were 0.2 cc. 
followed by 0.1 cc. amounts per kilogram of body weight of the rabbits. 

The subject of nonspecific immunity is a field in itself and cannot be dis- 
cussed here comprehensively. It is in this area, however, that an answer may 
ultimately be found to the question as to why a febrile attack often leads to 
the production of nonspecific antibodies, such as typhoid agglutinins. It is as 
though the febrile condition places the antibody-producing mechanism of the 
body on the alert, awakening this mechanism to increased activity. 

Localizing response to incomplete, modified, and split proteins. ‘The incomplete 
protein employed was purified gelatin. The gelatin molecule lacks three impor- 
tant amino acids: cystine, tyrosine, and tryptophane. It is known that this 
incomplete protein does not call forth antibody formation, and it was desired to 
find whether it would elicit a localizing tissue response. It was found that 
normal rabbits gave no reaction to an intracutaneous injection of 0.1 cc. of a 
solution containing 0.1 gram of gelatin. Approximately a month after three 
immunizing subcutaneous injections of 0.1, 0.1, and 0.5 grams of gelatin, 
respectively, local inflammatory reactions were obtained to the intracutaneous 
injection of 0.01 gram of gelatin. Ten days after seven immunizing injections, 
as little as 0.0001 gram of gelatin called forth a positive skin reaction. No 
serum precipitins could be demonstrated at any time throughout the ex- 
periment. 

The localizing skin response to racemized protein was then tried. Race- 
mized proteins are prepared by digesting protein in large quantities of normal 
sodium hydroxide and permitting the mixture to stand for a long interval 
during which time the plane of polarization of the protein is changed. The 
experimental plan consisted in giving rabbits five subcutaneous injections of 
racemized egg albumin in 0.05 gram amounts. Before the immunizing in- 
jections, and after the first and second injections, no skin reactions were ob- 
served. But after the third injection, a positive skin reaction was obtained to 
the intracutaneous injection of 0.01 gram of the racemized protein. After the 
fourth and fifth: injections, positive skin reactions were obtained to the 
intracutaneous injection of 0.0001 gram. No serum precipitins were observed 
at any time during the experiment. Similar results were obtained when em- 
ploying the soluble residue of the preparation of Vaughan’s crude soluble 
poison from casein, also when employing three different proteoses. The 
results indicate that immunizing injections of incomplete, modified, or split 
protein, while incapable of calling forth detectable precipitins, are ane of 
eliciting the localizing tissue response. 

The localizing response and skin tests in infection. Several decades ago 
one encountered a considerable number of reports in the literature on the ty- 
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phoidin and luetin tests, Theoretically, as long as a host possesses sufficient 
immunity to hold infectious microorganisms localized and prevents them from 
circulating in the blood stream, he should localize microorganisms or their 
antigenic constituents when injected into the skin. But both the typhoidin 
and luetin tests gave weak or negative reactions in the early stages of typhoid 
fever and of syphilis. The reason becomes understandable when the re- 
lationship between the host and the microorganisms in the early stages of 
both diseases is considered. 

It has already been shown that the introduction of protein antigen in the 
blood stream leads to a loss of the localizing capacity of the skin to injected 
antigen. The explanation was proposed that, in the presence of the antigen in 
the blood stream, the injection of the antigen into the cutaneous tissue does not 
lead to the physicochemical union between the tissue and the injected antigen 
necessary for the localizing response since that tissue may have already com- 
bined with all the antigen it could hold. It would therefore be expected that, 
at a time when the typhoid bacilli circulate in the blood stream, the typhoidin 
test would be weak or negative, and as long as the 7. pallidum circulates in the 
blood stream, the luetin test would be weak or negative. 

While the tuberculin reaction is generally classed as an allergic response, 
immunologically it follows the same principles as other skin reactions in infec- 
tion and immunity. When a tuberculous patient possesses the capability of 
holding the tubercle bacilli localized, whether in an entire lobe of a lung or in a 
small tubercle, the skin will possess the capability of localizing injected tuber- 
culin. In miliary tuberculosis and in situations when the tubercle bacilli 
circulate in the blood stream, tuberculin tests are likely to give weak or negative 
reactions. 

A practical aspect of skin tests that must be kept in mind is the fact that 
the resulting reactions may have elements of nonspecificity. It has been seen 
that, measured by nonspecific localizing units, the normal skin possesses 15 to 
20 localizing units while such tissues as the liver or the spleen possess 2.5 to 5 
units. This high localizing capacity of the normal skin may lead to nonspe- 
cific positive skin reactions. i 

The localizing response of the skin apparently is lost before death. Prior to 
__the development of modern therapeutic methods in septicemia, we had occasion 

to study the effect of injecting 0.1 cc. amounts of suspensions of microorgan- 
isms into the skin of patients from whose blood stream the microorganisms were 
isolated. The patients who did well gave positive reactions, but those who did 
not recover gave negative reactions. It may be mentioned in this connection 
_that Francis® reported no skin reactions in patients with Type I pneumonia to 
the injection of the specific soluble substance of Type I pneumococcus when the 
patients did not recover, and positive skin reactions when the patients re- 
covered. Su ;  <- 

Localizing response in latent immunity. lhe term “latent immunity has 

been applied in this laboratory to the conditions in which, following an im- 
munizing injection of antigen in an animal, the immunity Is permitted to 
subside. If the immunizing injection consists of a protein, the precipitins will 
generally disappear in from one to two months. Increasing the immunizing 
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dose does not necessarily prolong the period in which precipitins will be cir- 
culating in the blood stream. Thus, in an experiment with six rabbits, numbers 
1 and 2 were injected with 0.1 cc. horse serum subcutaneously; numbers 3 and 4 
with 1 cc.; and numbers 5 and 6 with 10 cc. of horse serum. Precipitin titers 
were determined from time to time. It was found that rabbits 1 and 2 showed 
no precipitin titers 49 days after the immunizing injection. Sixty-three days 
after, rabbit 3 showed a titer of 1000, and 70 days after, rabbit 4 still showed a 
titer of 10,000. In the case of rabbits 5 and 6, however, injected with 10 cc. 
of horse serum each, the titer 63 days after the injection was only 100. All 
these rabbits, and one other immunized with 25 cc. of horse serum, were pre- 
cipitin-free 189 days after the immunizing injection. Yet they continued to 
manifest a relatively marked localizing response to the intracutaneous injection 
of horse serum. 

As is well known, an outstanding feature of the latent immune state is that 
an injection of a small amount of the specific antigen serves as a “booster” 
in rapidly reactivating the immunity. This fact would indicate that an in- 
jected animal, months after the disappearance of precipitins, continues to 
be specifically different immunologically from one which has never been immu- 
nized. Whether this difference is, in some way, associated with the existence 
of a residual capacity for the localizing response, is yet to be determined. The 
fact that the localizing response is manifested six months after an immunizing 
injection emphasizes the importance of this response to the life of the animal. 

The defensive response defined. ‘The defense against harmful microorganisms 
is so commonplace and vital to animal life that it is considered a physiologic 
function—a function that is believed to be manifested jointly by the antibodies, 
phagocytes, and the tissues. Since immunity to microorganisms means im- 
munity to their antigenic constituents, it is to be expected that an animal will 
react to other antigens, such as proteins, by utilizing very much the same de- 
fensive mechanisms that are directed against the microorganisms. 

Any physiologic function is likely to manifest disturbances, particularly of 
hypo- and hyperactivity. Thus, we may have hypo- and hyperthyroidism, or 
hypo- and hyperacidity, efc. A common disturbance of the defensive function 
is the specific hyperactivity of that function, as when the localizing response 
herein discussed manifests itself against some pollens or dust particles, or when 
a flare-up reaction results from the injection of traces of antigens or allergens. 

While the defensive function may manifest a number of abnormalities, none 
of these, it seems to us, require for their explanation the existence of a biologic 
state in which a living being is against its own defense, implied by the classical 
definition of anaphylaxis. Such a state in infection is obviously equivalent to 
being lined up with the enemy. ‘The struggle to hold on to life whether it be by 
an animal or by a cell, as emphasized by biologists, speaks against the existence 
of such a state. 

That a physiologic function may break down, to the extent of doing great 
injury to the individual, is a common occurrence. When the function of growth 
undergoes abnormal changes and becomes markedly hyperactive, cancer and 
death may result. In the defense against microorganisms, serious functional 
errors might occur to the detriment of the individual; as, for example, when 
phagocytes which have attracted microorganisms for purposes of their destruc- 
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_ tion not only fail to destroy them but actually spread the infection. However, 
for the body to be against its own defense in a world in which parasitism is so 
commonplace raises the question as to how survival could have been possible 
through the evolutionary ages. 

Our concern here is not with the nomenclature in common use in describing 
the response of the tissues in immunity. Our aim is to emphasize that this 
response is a defensive one. If this presentation accomplishes this aim, its 

- purpose will have been fulfilled. 


Summary 


Immunologic tissue reactions to protein and microbial antigens are considered 
in this article. Tissue reactions are widely interpreted by the concept of 
tissue hypersensitiveness, the classical definition of which is ‘‘against defense.” 
Based on this concept, the tissue response in infection and immunity has been 
difficult to correlate with humoral (antibody) and cellular (phagocyte) defense, 
for the implication is that the body is divided against itself. This difficulty 
led to the undertaking of tissue reaction studies in this laboratory a number of 
years ago. 

A basic defensive reaction is the ability of the tissues to localize microorgan- 
isms or antigens and thus prevent their dissemination throughout the body. 
This localizing capacity was studied quantitatively in 13 different tissues. It 
was found that the skin possessed this capacity to a far greater degree than the 
other tissues. The onset, duration, and subsidence of the localizing response 
following immunization were also investigated. This response was then con- 
sidered in relation to the Arthus reaction, anaphylactic shock, “‘flare-up’’ 
reactions, skin tests, skin rashes, and to other tissue responses associated with 
immunity. 

The results herein presented make it difficult to interpret tissue responses 
in infection and immunity on the basis of tissue hypersensitiveness, but they 
lend themselves to ready interpretation on the basis of tissue defense. This 
interpretation assumes joint defensive action by the tissues, the phagocytes and 
the antibodies in infection and immunity and gives unity to the response of 
the body as a whole when called upon to react to antigens or to defend itself 

_against attacks by microorganisms. 
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THE ALLERGIC RESPONSE AND THE TUBERCULIN REACTION 


By Robert A. Cooke 
The Roosevelt Hospital, New York, N. Y. 


It is my function to discuss the pros and cons of an allergic factor in the 
cellular antagonism exhibited by a recipient to skin homografts. As I under- 
stand it, the grafted tissue is eventually rejected in all cases. 

At the outset, let me confess that I find little experimental work in hyper- 
sensitivity that affords a close analogy to the problem of homografts as it 
concerns us today, but that does not alter the fact that an allergic factor may be 
significant. Certainly it is worth exploring a little further, but first an explan- 
ation: 

In allergy we are still struggling with a lack of uniformity and general 
agreement on nomenclature and terminology. Though not universally ac- 
cepted, I like to think of the words hypersensitivity, sensitization, allergy, 
anaphylaxis, and atopy as more or less synonomous in that they have a similar 
biological basis, that is, they all represent antigen-sensitized cell reactions. 
There are variations. For example, some are artificially induced and some 
appear spontaneously; in some there is an inheritance factor, in others this is 
not apparent. But these discrepancies are essentially minor to the basic 
antigen-antibody-cell response. All such terms I shall include for ease of 
discussion under the general heading of allergy. 

Another fact complicates the picture: allergic, that is, antigen-antibody 
reactions, are not all alike. I shall mention the two that are strikingly different. 
There is the immediate edema reaction exemplified by urticarial wheals and the 
Arthus lesion and, second, the so-called tuberculin-type delayed inflammatory 
reaction. Both have been proved to be due to a transferable antibody which, 
in the immediate reaction, is humoral and, in the delayed, is strictly, as Chase! 
has shown, cellular. 

Both possibilities have to be considered in the problem before us, which may 
be simply stated in the query: Why does the human body accept autografts of 
skin but refuse homografts? Is an allergic element involved? 

There are three facts that suggest the possibility of a sensitivity without, 
at this time, implying that the allergy is of the immediate or delayed type, or 
even that it is either the cause or the effect of the skin slough. Fact number 
one is the time factor. The graft appears to live at first but, about the tenth 
day, evidences of slough begin. The second fact is the development of eosino- 
philia locally under the graft and in the blood. The third fact is the char- 


acter of the tissue change which seems to be responsible for the sloughing of | 


the graft. These are highly suggestive facts that warrant our consideration. 

First, the body cells of the recipient in the first 10 days of the graft have had 
time to produce antibody. This period is the approximate average time for 
the body cells to develop antibody regardless of whether it is the immediate or 
delayed type of allergic response. But what kind of antibody could it be, and 
how could it be determined? Is it a precipitin or skin or muscle sensitizing 
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antibody, as in serum disease, or is it an agglutinin or a lysin, a cytotoxic 
substance, or even a new kind of antibody? Immunological studies, thus far, 
have not been able to show the presence of specific antibodies generated by the 
skin homograft which, as a matter of fact, may be considered as a foreign body 
of protein nature. 

If a primary homograft which is beginning to slough in 10 days is being 
thrown off because sufficient theoretical antibody has accumulated locally or 
generally to be the cause, then it may be presumed that a second identical 
graft would be sloughed in a shorter time corresponding with the accelerated 
reaction to serum originally noted by Von Pirquet. This reaction, I gather 
from a statement made by Rogers’ has been observed in man. It is reported 
by Medawar* in rabbits, but has been discounted as due to an Arthus lesion. 
I shall mention this reaction again later. An alternative is that we are deal- 
ing not with general sensitivity but with localized areas of skin sensitivity such 
as we see in occasional cases of allergic dermatitis. If this were the case, then 
a second graft applied at the site of the primary and completely sloughed 
graft should be sloughed at once. It is easy to see that technical difficulties 
could prevent the success of such an experiment. 

Second, as to the eosinophilia. It is now generally regarded that eosino- 
philia is evidence of an allergic response. Eosinophiles under the graft have 
long been recognized. Rogers® has shown that blood eosinophilia is pro- 
nounced and may rise to 4000 cells percu.mm. It disappears, after the slough is 
completed, in 30 to 40 days. Clearly, the dermal homograft is the stimulus 
for the eosinophil production. For comparison, what about eosinophil pro- 
duction locally and in the blood in the case of autografts? If absent, it 
would indicate that autografts are not foreign protein but, if present, it would 
indicate that the allergic reaction is not a cause of the slough, since the auto- 
graft does not slough. Rogers? records that, in four autograftings, there was no 
comparable increase of eosinophiles, hence we must conclude that in grafts 
that ‘“‘take,”’ this evidence of allergy is absent. In homografts that are re- 
jected as foreign body, however, the allergic eosinophilic response is found. 

As to fact three—the tissue change. Can it be allergy? Regardless of 
eosinophiles, I understand that the slough is due to thrombosis or necrosis of the 
new vessels supplying the graft. Admittedly the Arthus lesion is commonest in 
rabbits but not limited to them. It does occur rarely in man. The Arthus 
~ lesion is analogous to the so-called anaphylactic type of sensitization, as Rich® 
has stated: “In Arthus sensitivity as in anaphylactic sensitivity the only cells 
directly affected by the antibody-antigen reaction are involuntary muscle and 
vascular endothelium.” In other words, local necrosis results as circulation is 
interfered with by exudate in tissue spaces and damage to vessel walls. In 
short, the graft slough might be considered as an Arthus type of allergic re- 

action and should be studied with this consideration in view. 
This point brings to mind the study of skin sensitivity of man to human 
danders. It has been shown that antibodies of the immediate wheal type do 
exist. Van Leeuwen’ and others reported positive reactions to human dander 
extracts, but the percentage of positive reactions on normals and allergics was 
high, and interpretations were conflicting. The subject was studied by 
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Hampton’ and myself in 1941 with properly prepared and standardized extracts. 
Positive wheal reactions were obtained in a high percentage of patients with 
allergic dermatitis, rarely in allergies without dermal lesions and not in normal 
controls. These reactions were transferable by the Prausnitz-Kustner tech- 
nique. 

This indicates that lesions of the skin and, possibly, grafts as well may create 
specific antibodies which produce the wheal type reaction to human dander 
extract, but the significance is still obscure. It does suggest that skin testing 
of patients with human dander extracts made before and after grafts might lead 
to evidence of skin reactivity and thus to further ideas relating to homografts. 
If it could be proved that the immediate sensitization did occur as a result of a 
homograft then it might be possible to prevent this sensitization, or immunize 
against it, by the use of human skin extracts. 

With our present knowledge or, rather, lack of it, it is wiser to maintain an 
open mind and investigate and experiment further to determine if there is an 
allergy and whether it is only an effect or perhaps a causal factor. 

If there were even a small number of homografts that “took,” it would be 
wise to study them intensively to determine whether immunologic or genetic or 
chemical factors were significant. In line with this, let me recall that Vickrey 
and Leavenworth® and others have shown chemical differences in the keratin of 
human and other animal skins, and Pillermer ef al.!° showed a species speci- 
ficity by precipitin test with the various keratins. Might it not be that further 
study would demonstrate an individuality of skins or, as in bloods, groups 
with compatible and incompatible dermal tissues, as has been suggested? 

In conclusion, let me say that allergy seems to appear in the picture of 
homografts. An analysis seems to favor the immediate over the delayed 
tuberculin type reaction, but whether an allergy is an effect or a cause remains 
to be ascertained by further study. 
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Discussion of the Paper 


Doctor B. H. Waxksman (Harvard Medical School, Boston, Mass.): I should 
like to enter a plea for the importance of recognizing the distinctions which have 
been established between certain types of immunologic event. While I agree 
whole-heartedly with Doctor Cooke that all immunologic phenomena are 
basically related, an impressive amount of experimental evidence requires that 
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we separate those associated with circulating antibody into at least two groups. 
The Arthus reaction is clearly not the same as the wheal and flare reaction 
(urticaria), anaphylactic shock, and those allergies (asthma, hay fever, eczema) 
of man which are often given the name “atopy.” To begin with, the Arthus is 
a relatively slow reaction, reaching its peak in a matter of hours, while the 
reactions of the other group have a time course measured in seconds or minutes. 
The Arthus is characterized by edema with extensive cellular infiltration, 
hemorrhage, and secondary necrosis, while the others are characterized only by 
smooth muscle contraction, increased vascular permeability, and such other 
events as are produced by the pharmocologic agents participating in the reac- 
tion. Histamine, heparin, acetylcholine, and possibly other agents have been 
identified during these reactions and can duplicate essentially all their observed 
characteristics, while antihistamines, in general, will prevent reactions of this 
type but have little or no effect inthe Arthus reaction Immunochemical stud- 
ies have shown that the Arthus can be produced only by precipitating antibody, 
while urticaria and anaphylaxis occur with nonprecipitating antibody, and the 
atopic allergies appear (though this question is not completely resolved im- 
munochemically) to depend on nonprecipitating antibody. The antisera of 
certain species of animals, the horse in particular, will not produce passive 
anaphylaxis or urticaria in spite of a high titer of precipitating antibody, but 
are quite effective in sensitizing animals for the Arthus reaction. The actual 
amounts of antibody involved in the reactions of the urticaria-anaphylaxis- 
atopy group are significantly less than those needed for the Arthus reaction. 
Finally, many types of evidence indicate that circulating antibody must be 
fixed in appropriate tissues before the introduction of antigen will cause 
anaphylaxis or any of its relatives, while no such fixation appears to occur in 
Arthus sensitivity. I have omitted a number of qualifications which would not 
be germane to the subject matter of the present meeting. It should be obvious, 
nevertheless, that it is quite unjustifiable to refer to the Arthus as “local 
anaphylaxis.’”’ The importance of the distinction I am emphasizing here has 
already been made clear in today’s discussion. The rejection of homografts is 
found to be associated with thrombosis of the underlying vascular bed and with 
changes suggestive of an Arthus type of reaction. On the other hand, as no 
-precipitating antibody has yet been demonstrated in association with this 
rejection process, it seems unwise to postulate an Arthus type of mechanism 
for this event. I need hardly add that other quite different mechanisms, such 
as the Shwartzman reaction, can produce a very similar histologic picture. 


SKIN TRANSPLANTS—HOMOGRAFTS 


By Marion B. Sulzberger 
New York University College of Medicine, New York, N.Y. 


When I first received the invitation to participate in the conference on which 
this monograph is based, I felt that it would be presumptuous of me to accept 
and to think that I could possibly add anything to the expositions of Doctor 
Cooke. Twenty-five years of listening have taught me that it is always 
instructive to hear Doctor Cooke, always difficult to add anything to his 
thorough analyses. But then I thought that the inclusion of some dermatol- 
logic experiences and ideas would, to say the least, not be entirely inappropriate 
in a conference so intimately concerned with the skin and its behavior. 

Undoubtedly failure of homografts to persist is a complex matter, not easily 
explained nor attributable to any single known mechanism. The dermatol- 
ogist well acquainted with the unfathomable complexity and almost incredible 
individuality of the epidermis cannot be very much astonished by this fact. 
For the epidermis, with its appendages and other structures, is indeed one of 
the most highly differentiated and distinctive of all the tissues which go to 
make up the individual. It is therefore quite understandable that the in- 
dividual’s epidermis should be as characteristic of that individual and as 
different from the epidermis of every other individual as the individual himself 
is different from each and every one of his fellows. A very simple well-known 
example of this remarkable dermatologic individuality is evident in the design 
of the fingerprints, which so absolutely differentiate and identify each in- 
dividual. I should like to mention briefly just three of the other types of 
characteristics which may confer individuality upon each epidermis. 


(1) Chemical Individuality 


Doctor Cooke, in the preceding paper, mentioned keratin as an immuno- 
logically active and species-distinct chemical entity. One can add to this 
substance a long list of other chemically and immunologically different ma- 
terials, including the melanines, the sweat, the apocrine products, the sebum, 
etc. of the skin. In their aggregate, these materials could easily form a dis- 
tinctive chemical pattern which would serve to differentiate one particular 
epidermis from that of every other individual. 


(2) Immunobiologic Individuality (Acquired) 


Each skin bears an imprint or record of the immunologic changes which it 
has undergone, including its tuberculin sensitivity, its trichophytin sensitiv- 
ity, its sensitivity to other fungi, to inhaled danders and dusts and to in- 
gested allergens, to virus and other infecting agents, to toxins and to eczema- 
togenous contact agents, such as poison ivy, occupational chemicals, dyes, 
medicaments, efc. Appropriate skin tests would elicit a pattern of such re- 
actions which would, I believe, be so different from the pattern presented by 
any other individual as almost to characterize the skin as coming from a 
particular person and no other—a sort of ‘“skin-test fingerprint.” 
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(3) Microbiologic Individuality 


Each epidermis is in a symbiosis with, and is modified by, its living flora, its 
resident and transient inhabitants, the pathogenic, nonpathogenic, and facul- 
tatively pathogenic microorganisms which it harbors. It is quite probable 
that the composition of this flora, the numbers and types of species represented, 
would be quite characteristic of a given individual, of a given skin, and even 
of a specific site. 


Discussion 


In view of such features giving the epidermis of each human being its own 
individual stamp, its series of distinctive patterns, it is not really astonishing 
that epidermis coming from one individual, the donor, should act as a foreign 
agent when applied to another individual, the recipient? If I remind you of 
these well-known examples of differentiating factors, it is because I believe 
that the recognition of these factors may lead to means for abolishing some 
of the differences and thereby make the epidermis from one person less foreign 
to that of others. 

Another point which I should like to discuss is the fact that no one has 
demonstrated that antibodies of any kind are responsible for the nonsurvival of 
a human skin homograft. To my mind, this fact may have an immunologic 
significance; for many of the most characteristic and accepted immunologic 
sensitizations of the human skin are not accompanied by antibodies which can 
be demonstrated with certainty or regularity by present methods. While it 
is true that no one has yet shown that the skin’s immunologic reactions to 
trichophytin, tuberculin, and other fungous extracts, to Frei vaccine, and to 
other agents of this type, are associated with or attributable to specific humoral 
changes, I should like, in particular, to point to the “fixed drug eruptions” in 
which the skin of a given fixed site is literally thrown off in blisters and bullae 
whenever the individual ingests or otherwise absorbs the responsible drug. 
These immunologic forms of violent skin damage from drugs have not as yet 
been shown to be associated with any characteristic antibodies. It is even 
more important to recall that what is perhaps man’s most common immunologic 
alteration, the most common of all human diseases of hypersensitivity, namely, 

allergic eczematous contact reaction to simple chemical substances, is not 
associated with any demonstrable antibodies. In these and other common 
forms of unequivocally immunologic skin reactions, the many decades of 
serious efforts to demonstrate such antibodies have failed, in close analogy to 
the situation which more recently has been shown to exist in regard to the 
~ reactions to skin homografts. 

It is also interesting for the dermatologist to note certain resemblances 
between the destruction of homografts and those rather rare skin diseases in 
which the skin of the individual itself undergoes lysis and destruction, accom- 
panied by acantholysis. I refer, of course, to the pemphigus group of skin 
diseases. It would perhaps be profitable to study these diseases more closely in 
connection with the happenings in the homotransplant. £ 

In closing, I should mention something which possibly requires no additional 
emphasis to my colleagues, namely, that investigations of phenomena occurring 
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in the human skin are likely to be more accurate and valuable when the studies 
are carried out upon the living human skin itself. For we all know the tre- 
mendous species-differences which exist in the reaction of animals to many types 
of agents and, in particular, to immunologically active agents. Thus all of us 
of course, are well aware of the fact that the guinea pig 1s quite susceptible to 
specific skin sensitizations with simple chemicals; whereas other species, even 
related rodents, such as mice, rats, and rabbits are refractory to such forms of 
sensitization. I therefore believe that immunologic studies upon human beings, 
employing human epithelium and extracts of human epithelium (as Doctor 
Cooke has mentioned) might possibly succeed in illuminating many problems 
related to human reactions to skin homotransplants. Above all, I think that 
certain modern dermatologic methods could here be employed most profitably, 
especially the stretch method of Van Scott for obtaining epithelial structures 
without contamination of cutis-elements.* Moreover, in order to produce 
well-nigh sterile preparations, it would be well to employ modern ‘“wide- 
spectrum” antibiotics together with the excellent antimold agent which has 
recently been recommended by Lucille Georg, Ajello and Gordon, namely, 
Acti-Dione (cycloheximide). With such modern means for obtaining epithelial 
elements isolated from all other forms of tissues and, in a relatively sterile 
fashion, a great variety of studies bearing upon the immunologic and enzymatic 
effects of homotransplants could be carried out by dermatologists, allergists, 
and reconstructive surgeons, both on human volunteers and on patients re- 
quiring skin transplants. 

If we can set to work teams of qualified dermatologists, surgeons, immunol- 
ogists, biochemists, geneticists, zoologists, and others who have special skills 
and experience to contribute toward the solution of these problems, I am not 
at all pessimistic about the possibility of either dedifferentiating human epider- 
mis to such a degree that it will survive and be more useful when transplanted 
to another individual of the same species, or of so altering the recipient that he 
will not throw off or destroy the epidermis derived from another human being. 

T hope that the conference on which this monograph is based will lead towards 
the necessary closer team work. Iam delighted to have been able to participate 
in it and, especially, to listen and to learn. 


Pees E. J. 1952. Mechanical separation of the epidermis from the corium. J. Investigative Derma- 
ol. 18: 277. 
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COMPATIBILITY AND NONCOMPATIBILITY* 


By Harry S. N. Greene 
Department of Pathology, Yale University School of M edicine, New Haven, Conn. 


The transplantation of tissues depends on a variety of factors, the most im- 


_ portant being the constitutional relationship of the donor and recipient, the 


status of the transplant and the site of transplantation. The constitutional 
factors concerned are generally considered to be genetic in nature and of such 
significance that differences in strain or species constitute barriers to the ex- 
change of tissues. There is evidence, however, that other nongenetic charac- 
teristics may be of equal importance, and, further, that the success or failure of 
transfers performed under identical genetic circumstances may be conditioned 
by the status of the transplant or the site of transplantation. The interre- 
lationship of the factors determining transplantability has been a primary in- 
terest in this laboratory, and the present discussion is based on data derived 
from their study. 

In essence, the study consisted of a comparison of the transplantation re- 
actions of various tissue states in hosts of different constitutional status. The 
tissues investigated included normal adult tissue, normal embryonic tissue, 
benign tumor tissue, precancerous tissue, and cancer. These tissues were 
transferred to other regions in the same host (autologous), to unrelated normal 
and abnormal individuals of the same species (homologous), and to animals of 
alien species (heterologous). The anterior chamber of the eye, the brain, the 
subcutaneous space, the testicle, and various internal organs were used as 
transplantation sites. 

The results of the various transplantation experiments are arranged in 
TABLE 1 to compare the reactions of different tissue states in animals of different 
constitutional type. This summary fails to show the existence of two ad- 
ditional variables, the one pertaining to qualities of the transplant distinct from 
tissue state, and the other to the site of transplantation. These variables are 
important for, in many instances, their operation determines the success or 
failure of transfer, but further consideration will be postponed pending 


-the discussion of the influence of tissue state and host constitution. 


& 


Tissue State and Host Constitution 


Adult tissues. Adult tissues generally survive transfer back elsewhere 
in the primary host or to unrelated animals of the same species, but a het- 


- erologous transfer is invariably unsuccessful. 


The anterior chamber of the eye and the brain are the more suitable sites 
for homologous transplantation, and takes of such organs as the thyroid, ovary, 
lung, kidney, salivary gland, and skin occur with high frequency. Transfer 
of the adrenal, pituitary, and testicle results in a lesser number of takes, 


- * These investigations were supported in part by the Medical Research and Development Board, Office of 
the Surgeon General, Department of the United States Army, under Contract No. DA49-007md-30; The Jane 
Coffin Childs Memorial Fund for Medical Research; the National Cancer Institute, National Institutes of Health, 
United States Public Health Service; and the American Cancer Society upon recommendation by the Committee 
on Growth of the National Research Council. 
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TABLE 1 
REACTIONS OF VARIOUS TISSUE STATES IN ANIMALS OF DIFFERENT 


TRANSPLANTATION 
CONSTITUTIONAL TYPE 
Type of Transfer 
Tissue State 
Autologous Homologous Heterologous 

Adult Fe on M ane fe ual candle of civeiscibee gkeiole teeleulente pegs Mamta rahe Gases + + a 
iyperplastice mtr eer ernetare eeit teat res ae ae 

DN IAROU Oey dieasne cambOuEEObeAd no dbooe as =F + + 
IPLECANGELOUS rd ais nets eras el renee + _ — 

(CAN CerOUSap ere eue Ln cedar vee eee + -+ + 


+ indicates growth 
— indicates no growth 


while the lowest incidence is associated with the transplantation of brain tissue. 
Despite numerous attempts, adult liver tissue has not been successfully trans- 
planted. The subcutaneous space is less satisfactory as a transplantation site, 
but despite a much lower incidence of takes, growth has been obtained on trans- 
fer of all the tissues noted above with the exception of the liver, brain, and 
pituitary. 

Transplants of adult tissue are well vascularized but show little increase in 
size and persist indefinitely. Brain transplants consist of a proliferation of 
glial elements, and ganglion cells are not present, but other tissues are histo- 
logically intact (FIGURES 1 To 5). 

The integrity of the transplants is demonstrated by their response to func- 
tional stimuli and to infection. The ability to carry out normal functions is 
most readily shown in the care of endocrine transplants. The presence of 
adult pituitary tissue in the eyes of hypophysectomized rats prevents the 
occurrence of signs of pituitary deficiency, and such animals remain normal 
in appearance and behavior. The atrophy of gonads characteristic of hy- 
pophysectomized rats does not occur, and fertile matings have been obtained. 
Thyroidectomized rabbits bearing anterior chamber transplants of adult 
thyroid gland have been held under observation for several years and, through- 
out this period, the serum iodine values have been maintained at normal levels. 
Transplants of adult rabbit ovary respond to the injection of gonadotropic 
hormone, and the reaction occurs with such rapidity that the increase in size 
can be used in practice to determine the presence of the hormone in the urine of 
pregnant women. ‘The function of nonendocrine organs is difficult to demon- 
strate, but an indication of activity of anterior chamber transplants of kidney is 
given by the presence of phenosulphophthaline in the aqueous humor after 
intramuscular injection. 

The response to infectious agents is also a criterion of the vitality and in- 
tegrity of the transplant, and the maintenance of the ability to react specif- 
ically is readily shown in the case of the skin. The skin of the rabbit is 
specifically susceptible to infection with the Shope virus, and it reacts with 
the production of a characteristic papillomatous growth. This ability is 
retained by the transplants. Fragments of adult skin infiltrated with the virus 


; 
= 
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and transplanted to the brains of other rabbits develop the typical lesion 
(FIGURE 6). Further, transplants of normal skin, removed at long intervals 
after transfer and infected with the virus, respond with papilloma formation 
on retransfer. 

Despite numerous attempts, the heterologous transfer of normal adult tissues 
has not been effected. The transplant excites a foreign body reaction and 
takes do not occur. Curiously, however, if fragments of adult rabbit skin are 
infected in vitro with the Shope papilloma virus and are transplanted sub- 
cutaneously to the hamster or DBA mouse, takes do occur. Papillomas 
result in the majority of instances but, in some, such a reaction does not de- 
velop, and microscopic examination at the end of six weeks shows a nor- 
mal, healthy, unchanged epidermis. 

Embryonic tissues. Embryonic tissues, unlike adult tissues, are trans- 
plantable heterologously as well as homologously.’: 2 The ability to grow 
in foreign species disappears during the fifth month of gestation in man and at 
analogous periods of embryonic development in other species. 

The embryonic tissues undergo differentiation and organization following 
homologous transfer, and mature transplants resemble adult organs in his- 
tological detail (FIGURES 7 to 9). Further, the development of function and 
specific susceptibilities are unchanged in the new location. Anterior chamber 
transplants of pancreas produce insulin in diabetic mice, and transplanted 
adrenals maintain adrenalectomized guinea pigs in health. The trans- 
plantation of an embryonic human adrenal to a patient afflicted with Addison’s 
disease has also been successfully accomplished and, in this case, the symptoms 
of the disease disappeared and the patient required no therapy. 

The susceptibility to infection characteristic of the adult tissue is also mani- 
fested by mature embryonic transplants and, in a number of cases, embryonic 
tissues have been found susceptible to infectious agents to which their adult 
counterparts are completely resistant. Embryonic rabbit epidermis is 
highly susceptible to the Shope papilloma virus, and the ability to transplant 
infected skin to immune as well as normal animals opens up a large field for 
study. Homologous transplants of embryonic tissues are also susceptible to 
carcinogenic agents, and the use of such transplants greatly enhances the speed 


~and sphere of action of the hydrocarbon.'' Embryonic transplants also react 


\ 


specifically to other noxious agents. The typical lesions of asbestosis are 
reproduced in embryonic mouse lung infiltrated with asbestos fibers and are 
transplanted to adult animals, and beryllium added to transplants of embry- 
onic tissue induces lesions comparable to those found in man. 

All of the various homologously transplantable embryonic tissues have also 
been successfully transferred to other species. There is a high incidence of 
takes, and the transplants persist for long periods of time. Histologically, 
they mature to resemble adult organs (FIGURES 10 and ti ; 

The function of heterologous transplants has been less extensively studied, 
and it has been found that adrenalectomized guinea pigs can be maintained 
on embryonic rabbit adrenals and that transplants of rabbit ovaries respond to 
gonadotropic hormone. The susceptibilities characteristic of embryonic t issues 
transplanted homologously are retained in heterologous transplants. Thus, 
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embryonic rabbit skin infected with the Shope papilloma virus reacts with the 
formation of characteristic papillomas after transfer to alien species, and 
embryonic chicken skin infected with the Rous sarcoma virus or the fowl pox 
virus and transplanted to mouse brain develops the typical disease (FIGURE 
a2 

Neoplastic tissue. The term “benign tumor” is used commonly to encom- 
pass both localized areas of hyperplasia such as the so-called adenomas of 
endocrine organs and true neoplastic lesions without fully expressed potenti- 
alities such as the breast papillomas. The transplantation reactions of the 
two types of growth are very different. The hyperplastic lesions, being made 
up of fully differentiated, postmitotic cells, share the transplantation reactions 
of adult tissues, but tumors such as the breast papilloma show a different and 
characteristic set of reactions, unlike those of any other tissue state. 

Breast papillomas and other tumors of this class will grow when transplanted 
back elsewhere in the primary host but always fail to survive transfer to normal, 
unrelated animals. Despite the failure to survive in normal animals, the tissue 
will grow when transferred to another animal bearing a spontaneous tumor of 
the same type. Accordingly, survival of the tumor at this stage of development 
appears to be dependent on the special constitutional status of the tumor-bear- 
ing animal. The factors concerned in this status are not operative in normal 
animals and thus the tumors will not survive in normal animals. 

With continued residence in the primary host or in another tumor-bearing 
animal, the neoplastic focus, such as the breast papilloma cited above, becomes 
independent of the factors concerned in growth and development and hitherto 
essential to its existence. At this stage of development, the growth is referred 
to as a cancer, and its autonomy or independence of conditioning factors is 
such that it will survive transplantation to normal animals, irrespective of 
species (FIGURES 13 to 15). 77 % 1°, 22 Tn fact, the differences between zoo- 
logical classes do not constitute barriers to the transfer of cancer and the Rous 
chicken sarcoma grows readily in rabbits, guinea pigs, and mice (FIGURE 
16).1,*4°6 The attainment of autonomy is a late development in the history of 
a tumor and is associated with the occurrence of metastasis and a rapid accel- 
eration in the fatal course of the disease. 


Tissue Dependence 


In addition to tissue state, other factors referable to the transplant may 
operate to determine the success or failure of transfer and the integrity of the 
graft. These factors are associated with an apparent dependence on other 
tissues of the donor and their existence is most clearly manifested in the cases 
of the embryonic tissues. 

Despite innumerable attempts, it has not been possible with our techniques 
to transplant either the embryonic liver or the placenta as isolated organs. 
Growth does not occur and the fragments disappear or rapidly become fibrotic. 
However, if either organ is transplanted in association with some other em- 
bryonic tissue, takes occur and the transplant persists. 

A further influence of the second embryonic part relates to the eventual size 
attained by the transplant. Isolated embryonic organs increase rapidly in size 
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after transfer, but progressive growth ceases with differentiation and organiza- 
tion, and the transplants persist indefinitely as miniature replicas of their adult 
counterparts. However, if two embryonic parts are transplanted simultane- 
ously to the same host, growth continues beyond differentiation and organi- 
zation, and an approximation of adult size may be attained. The influence of a 
second embryonic part is also evident in the organization of some embryonic or- 
_ gans, notably the adrenal. If an isolated embryonic adrenal is transferred to 
__ the anterior chamber of the eye, growth occurs, but the resulting organ shows 
little architectural pattern and consists mainly of an unorganized mass of 
adrenal cells. In contrast, when a second embryonic part is added, the adrenal 
cells form an organized structure with glomerulosa, fasiculata, and reticularis 
zones simulating in detail the adult gland. 


Transplantation Site 


In the majority of cases, the transfer of a fragment of tissue from one in- 
dividual to another is associated with death of the stromal component of the 
graft, and the parenchyma persists only if a connective tissue scaffolding and a 
vascular supply are furnished by the new host. The reaction of the new host 
to the graft in this respect is determined by the stroma-evoking properties of 
_ the parenchymal cells on the one hand and by the responsiveness of the con- 
nective tissue at the transplantation site on the other. 

The ability of transplanted cells to elicit stroma varies within wide limits. 
The epithelial cells of the kidney or breast are potent stroma-inducers, whereas 
cells derived from the adrenal or brain have minimal capacities in this direction. 
In general, there appears to be a direct relationship between stroma-inducing 
ability and the normal stromal complement of the organ from which the cells 
are derived. An abundance of stroma is essential to the architectural pattern 
of the kidney and breast, and the cells of these organs possess strong stroma- 
inducing properties. On the other hand, such organs as the adrenal and brain 
contain little stroma, and their cells, in turn, prove to be exceptionally poor 
stroma-evokers. 

The connective tissues in different bodily regions also vary in their respon- 
siveness to the same stroma-inducing stimulus. The connective tissue of the 
“subcutaneous space, in most animal species, is least responsive, while that of the 
iris and brain is highly reactive. A poor stroma-inducer, such as the adrenal 
gland, usually fails to elicit stroma from the unresponsive connective tissue of 
the subcutaneous space, and the transplant dies. In contrast, the minimal 
stimulus is sufficient to induce an adequate stroma from the more responsive 
“tissues of the iris or brain, and a take occurs. ie 

Brain parenchyma is capable of eliciting stroma from the eye or the brain it- 
self, but no stromal response occurs in the subcutaneous space and, despite 
many attempts, it has not been possible to transplant brain to any bodily region 
other than the brain and eye. On the other hand, tissues incapable of eliciting 
a stromal response in other bodily regions are readily stromatized on transfer 
to the brain. The hypernephroma of the human kidney is a case in point. 
This tumor, like other tissues with a scanty connective tissue content, is a poor 
stroma inducer. On transfer to the guinea pig’s eye, it is unable to induce a 
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stroma from the highly sensitive tissues of the iris, and its growth resembles 
that of a tissue culture. However, the connective tissue of the brain responds 
to the same stimulus with an adequate proliferation and a well-stromatized 
transplant results. : 

One of the techniques successfully employed in transplanting such tissues to 
other bodily regions depends on the fact that the connective tissue contained in 
embryonic organs possesses a remarkable degree of reactivity and that the 
embryonic tissue is also an excellent stroma-inducer. The procedure evolved 
represents an attempt to utilize this potentiality for the production of stroma 
with the embryonic tissue acting the part of the middleman in the exchange. 
In practice, a small fragment of embryonic tissue is added to the inoculum of 
tissue known to be’a poor stroma-inducer, such as a human hypernephroma, and 
the two fragments are transplanted subcutaneously to the new host. The 
embryonic portion of the transplant elicits a stroma at the new site and, in turn, 
provides the hypernephroma with a connective tissue scaffolding and a blood 
supply (FIGURE 17). 


Compatibility and Noncompatibility 


In view of the results described, it is suggested that the terms “compati- 
bility” and “noncompatibility,”’ as applied to transplantation, require quali- 
fication in relation to factors pertaining to the transplant and the transplanta- 
tion site as well as to the constitution of the donor and recipient. The general 
statement that the tissues of a certain species, strain, or individual are incom- 
patible with those of another disregards both the status of the tissue and the site 
of transplantation, and derives largely from considerations based on adult tis- 
sues as solely representative of the donor and on the subcutaneous space as 
solely representative of the recipient. Actually, the status of a tissue varies 
with development and may be embryonic or cancerous as well as adult. Fur- 
ther, the body of the recipient extending beneath the subcutaneous space con- 
tains areas of differentiation such as the eye and brain, whose special attributes 
provide the tissue with more suitable conditions for growth but do not confer 
an independence of the constitutional factors determining the reaction to trans- 
plantation. 

The point to be stressed is that the eye and the brain are parts of the body 
and are not unconstitutional or subversive in their response to transplantation. 
Moreover, the adult state of a tissue represents a developmental phase and 
not its life history. The initial state of all tissues is embryonic and a terminal 
state may be cancerous. Compatibility relationships vary accordingly. Ona 
basis of anterior chamber reactions, the parenchyma of the human brain in em- 
bryonic and cancerous states is compatible with the guinea pig, while, in an 
adult state, the tissue is not compatible with such a constitution. Ona basis of 
reactions in the subcutaneous space, on the other hand, all developmental 
states of the human brain are incompatible with the constitution of the guinea 
pig. Investigation of this anomaly suggests that the discrepancy arises from 
local causes which operate in the subcutaneous space to obscure the expression 
of constitutional factors. 

The brain is an extreme example for illustration, but the reaction to other 
embryonic tissues is similar, with variations corresponding to their stroma- 
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inducing capacities. The fact that failure to grow in the subcutaneous space 
relates to deficiences in this capacity rather than to incompatibility can be 
demonstrated, in certain cases, by the coincident transfer of a second tissue 
which acts both as an auxiliary stroma-inducer and as a stroma provider. 

The failure of early, premetastasizable tumors to grow on simple homologous 
transfer appears related to an inability of the normal animal to provide some 
element essential to the growth of the tissue rather than to an incompatibility 
factor. Transfer to animals of similar genetic constitution but known to carry 
the essential element results in growth, and, in some instances, the missing 
element can be added to the normal animal. Further, an interpretation of the 
failure to grow as a manifestation of incompatibility requires the assumption 
that compatibility is an acquired rather than a genetic character, for, with con- 
tinued development, the tumors do attain the ability to grow in normal animals. 

The inability of adult tissue to survive heterologous transfer may be taken as 
a clean-cut instance of incompatibility, but even here the issue is not clear, and 
the term fails to satisfy experimental observations. A point of particular 
concern is that although heterologous embryonic transplants differentiate and 
mature into adult tissues, they do not elicit the response that characterizes 
transplantation of adult tissues of the foreign species. The transfer of adult 
rabbit skin to the mouse results in an immediate foreign body reaction, but the 
maturation of embryonic rabbit skin to adult rabbit skin in the mouse is not 
accompanied by any sign of inflammatory disturbance. The antigenic qualities 
incident to the “rabbitness”’ of the transplanted adult tissue are supposedly 
responsible for the foreign-body reaction, yet in view of its susceptibility to the 
Shope papilloma virus, the mature embryonic transplant is also rabbit in nature. 
It is conceivable that the species factors determining susceptibility are different 
from those determining antigenicity, and that expression of the latter factors 
depends on the nurture rather than the nature of the tissue. Accordingly, 
embryonic rabbit tissue developing to maturity in the rabbit possesses the anti- 
genic attributes of the species, whereas embryonic rabbit tissue developing to 
maturity in the mouse fails to evolve such qualities. The inferences attached to 
such speculations are of interest from several points of view and form the basis of 
continued investigations. 

References 
1. ArBRINK, W. S. & H. S. N. Greene. 1953. The transplantation of tissues between 
zoological classes. Cancer Research. 13: 64. 


2. GREENE, H.S.N. 1938. Heterologous transplantation of human and other mammalian 
tumors. Science. 88: 357. ; i: 

3. GREENE, H.S.N. 1939. Familial mammary tumors in the rabbit. I. Clinical history. 
II. Gross and microscopic pathology. III. Factors concerned in their genesis and de- 
velopment. J. Exptl. Med. 70: 147. é 

4. GREENE, H.S.N. 1940. Familial mammary tumors in the rabbit. IV. The evolution 
of autonomy in the course of tumor development as indicated by transplantation 
experiments. J. Exptl. Med. 71: 305. . < 

5. GREENE, H.S.N. 1941. Heterologous transplantation of mammalian tumors. I. The 
transfer of rabbit tumors to alien species. J. Exptl. Med. 73: 461. 

6. GREENE, H. S. N. 1941. Heterologous transplantation of mammalian tumors. II. 
The transfer of human tumors to alien species. J. Exptl. Med. 78: 475. 

7. GREENE, H. S. N. 1942. Heterologous transplantation of a human fibrosarcoma. 
Cancer Research. 2: 649. 


318 Annals New York Academy of Sciences 


. GREENE, H. S. N._ 1943. The heterologous transplantation of embryonic mammalian 


tissues. Cancer Research. 3: 


. GREENE, H. S. N. & P. K. Luwp. "1944, The heterologous transplantation of human 


cancers. Cancer Research. 4: 352. 


. GREENE, H.S.N. & E.D. Murpny. 1945. The heterologous transplantation of mouse 


and rat tumors. Cancer Research. 5: 269. 


. GREENE, H. S. N. 1945. The production of carcinoma and sarcoma in transplanted 


embryonic tissues. Science. 101: 644. 


. GREENE, H. S. N. & H. Arnotp. 1945. The homologous and heterologous transplanta- 


tion of brain and brain tumors. J. Neurosurg. 11: 315. 


. GREENE, H. S. N. 1946. The heterologous transplantation of mouse tumors induced 


in vitro. Cancer Research. 6: 306. 


. GREENE, H. §. N. 1946. The microscope or the guinea pig? Yale J. Biol. and Med. 


18: 239. 


. GREENE, H. S. N. 1949. Heterologous transplantation of the Brown-Pearce tumor. 


Cancer Research. 9: 728. 


. GREENE, H. S. N. 1940. The heterologous transplantation of human melanomas. 


Yale J. Biol. and Med. 22: 611. 


. Greene, H. S. N. 1941. The transplantation of tumors to the brains of heterologous 


species. Cancer Research. 11: 529. 


. GREENE, H. S. N. 1951. A conception of autonomy based on transplantation studies: 


A review. Cancer Research. 11: 899. 


. GREENE, H. S. N. 1952. The significance of the heterologous transplantability of 


human cancer. Cancer. 6: 24. 


. GREENE, H.S.N. 1953. The induction of the Shope papilloma in transplants of embry- 


onic rabbit skin. Cancer Research. 13: 58. 


. GREENE, H. S. N. 1953. The transplantation of human brain tumors to the brains of 


laboratory animals. Cancer Research. 13: 422. 


. GREENE, H. S. N. 1953. The heterologous transplantation of human lung cancer. 


Cancer Research. 13: 347. 


. GREENE, H.S. N. 1953. The induction of the Shope papilloma in homologous trans- 


plants of embryonic rat skin. Cancer Research. 13: 681. 


. GREENE, H.S.N. 1953. Transplantation of the Shope papilloma and the Rous sarcoma 


during early developmental stages. Cancer Research. 13: 726. 


. SHRIGLEY, E. W., H. S. N. GREENE & F. Duran-Reynats. 1945. Studies on the 


variation of the Rous sarcoma virus following growth of the tumor in the anterior 
chamber of the guinea pig’s eye. Cancer Research. 5: 356. 


. SHRIGLEY, E. W., H. S. N. GREENE & F. Duran-Reynats. 1947. Growth of avian 


tumors other than the Rous sarcoma in the anterior chamber of the guinea pig eye. 
Cancer Research. 7: 15. 


320 Annals New York Academy of Sciences 


PLATE 1 


Ficure 1, Transplant of adult rabbit testicle in anterior chamber of male rabbit killed two months after 
transfer. X85. 

FicurE 2. Transplant of adult guinea pig ovary in anterior chamber of male guinea pig killed one and one-half 
months after transfer. 110. 

FicurE 3. Transplant of adult guinea pig kidney in anterior chamber of guinea pig killed one month after 
transfer. 500. 

Ficure 4. Transplant of adult guinea pig thyroid and parathyroid glands in brain of guinea pig killed three 
months after transfer. 150. 

Ficure 5. Transplant of adult rabbit skin in brain of rabbit killed one and one-half months after transfer. 
185. 

FicurRE 6. Papilloma arising in adult rabbit skin infected with the Shope virus and transplanted to rabbit’s 
brain. Section taken one month after transfer. 150. 
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PLATE 2 


FicurE 7. Transplant of embryonic mouse intestine in anterior chamber of adult mouse killed two months 
after transfer. X35. 

FIGURE 8. ‘Transplant of embryonic guinea pig adrenal in eye of adult guinea pig. The adrenal was trans- 
ferred in association with fragments of placenta. Note organization of gland into zones. The medulla never 
survives transfer. Section taken two months after transfer, X75. 

Fi@ure 9. Transplant of embryonic human adrenal in rectus muscle of patient with Addison’s disease. 
Section taken eight months after transfer. 260. 

FicurE 10. Transplant of embryonic human lung in eye of adult rabbit killed one month after transfer. 
130. 

Ficur® 11. Transplant of embryonic human brain in eye of adult guinea pig killed four and one-half months 
after transfer. Note ganglion cells. X<900. 

Ficure 12. Rous sarcoma arising in embryonic chick tissue treated with the Rous virus and transplanted to 
the brain of an adult mouse. Section taken two weeks after transfer. X75. 
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PLATE 3 


Ficure 13. Transplant of a human rectal carcinoma in eye of guinea pig killed four months after transfer. 
200. 

FicureE 14. Transplant of a human mammary carcinoma in brain of guinea pig killed 60 days after transfer. 
Note absence of any inflammatory reaction between human and guinea pig tissues. 190. 

Ficure 15. Transplant of a human glioblastoma multiforme in brain of guinea pig killed two months after 
transfer. The transplant reveals the neoplastic element of the tumor to be a spongioblast. 280. 

Ficure 16. Transplants of the Rous chicken sarcoma and a mouse neuroblastoma, C1300, growing together 
in a guinea pig’s eye. There was no evidence of any inflammatory reaction between the tissues of any of the three 
species involved in this transfer. Section taken 15 days after transfer. 200. 

Ficure 17. Transplant of human hypernephroma in association with embryonic guinea pig lung in eye of 
adult guinea pig. Note growth of hypernephroma. 185. 


THE ROLE OF WOUND HEALING IN RELATION TO THE TISSUE 
. AND HUMORAL RESPONSES IN HOMOTRANSPLANTATION 


By Frank B. Engley, Jr., Martin Allgower, and Clifford D. Snyder* 


The University of Texas—Medical Branch, Galveston, Texas and the Burgerspital, Basel, 
Switzerland 


Introduction 


The existence of growth-promoting and wound-healing substances has been 
the subject of much discussion, considerable speculation, and some investi- 
gation for considerable time. Following the early work of Carrel’: * on growth 
promoting factors and wound healing, Lorin-Epstein observed in clinical work 
in war wounds that second wounds appeared to heal more rapidly than first 
wounds. He reported* that the subcutaneous injection of necrotic tissue 
apparently stimulated superficial wounds to heal faster. Some reports by 
Loofbourow e¢ al.4 and Cook and Fardon® have suggested the release of growth- 
promoting hormonelike substances being released at the site of tissue injury. 
Still other workers have suggested that direct application of tissue extracts on 
wounds have aided healing. Among these are Kiaer,® Sandelin and Bjorksten,’ 
McJunkin and Matsui,’ Hoffmann and Dingwall,® and Auerbach and Dol- 
janski.© Earlier work by Dann" and by Auerbach and Doljanski” did not 
confirm these studies. Studies by Young and his co-workers suggested that 
second-set wounds on rabbit skin healed more rapidly than first-set wounds. 
Further experimentation revealed that injection of blood from “wound” 
animals into normal animals apparently stimulated wound healing. Sandblom 
4,15 reported on wound healing in rats which were evaluated by testing the 
tensile strength of the wound. His findings revealed that previous stimula- 
tion by wounds and irritation appeared to stimulate wound healing in most 
animals. Tier et a/.'®. ” found that tissue extracts given parenterally affected 
healing rates of wounds as measured by determining the rate of mitotic activity. 
Small doses stimulated while large amounts inhibited mitosis. Allgéwer'® has 
observed, both clinically and experimentally, the phenomenon of apparent 
increased rate of healing in second-set wounds in man and animals. Such 
reports and observations have suggested an accelerated wound-healing mech- 
anism and the possibility that it may not be just a local phenomenon, but that 
it may be humoral in nature. It was apparent that this phenomenon needed 
further confirmation through the application of other standardized methods and 
techniques. The factors responsible for the increased healing rate remained in 
doubt, and attempts to delineate it were suggested. 

Similarly, in the matter of homografts, complete evidence for the nature of 
the factor antagonistic to the graft is lacking. In this case, opinion, in general, 
favors the theory that antibodies engendered by skin homografts are active at 
the homograft site and oppose adherence of the graft. Efforts to demonstrate 
this theory by serological means have not met with great success. 


« With the technical assistance of Gerda Debrunner, Rose Steeg, Venice McCollum, P. A. Webb, and C. M 
allan. : as 
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The painstaking and able work of Medawar!-** has contributed valuable in- 
formation on the immunological aspects of homografting. His observation 
that the sloughing of second-set homografts starts at the time of vascularization, 
certainly points toward the existence of a circulating humoral factor. The more 
rapid sloughing of second-set than the first-set homografts suggests that this 
factor is produced by the host following previous association with an antigenic 
material. The time factor between the stimulus and the reaction also appears 
in line with the antibody formation and antigen-antibody reaction theory. 

Confirming the increased reactivity of the rabbit host against second-set 
homografts, Allgéwer et al.?° were also unable to detect precipitating antibodies 
in the serum of such rabbits or of animals injected by various routes with homol- 
ogous skin extracts. However, they established the efficacy of skin as an anti- 
gen by producing a rabbit antiserum to heterologous, human skin. This anti- 
serum showed a marked cytotoxic effect on human epidermis in tissue culture, 
and precipitins were observed roughly paralleling its antiskin activity. Normal 
serum did not show these reactions. 

The studies reported here are one phase of a series of extended investigations 
on wound healing at the cellular and humoral level emanating from the Tissue 
Culture Laboratory, Surgery Department, Burgerspital, Basel, Switzerland. 
These studies were carried out on the second-set phenomenon of wound healing 
and on the possibility of a humoral factor being involved in the increased rate 
of healing of wounds and in the skin homograft problem. 


Experimental 


Having no personal experience with testing of tensile strength of wounds, as 
Sandblom,": = Harvey and Howes,”® or Hegemann,””*> have had, it seemed 
desirable to work with the more familiar defect wound, where healing by con- 
traction would be eliminated as much as possible, as in the studies of Carrel and 
Hartmann,? Hegemann,”>*5 Howes,?® Henshaw, Apperly,*! Lumiere,” * 
Arey,** Lindquist,*® and Spain and Loeb.*® The standard wound procedure used 
in these studies was one adopted by Allgéwer to study the effect of application 
of local ‘‘wound-healing” agents on the rate of healing of wounds. The pro- 


_cedure has been adapted during several years of experimentation and consists of 


treating a circular wound made on the inside of a rabbit’s ear as follows. The 
ear is shaved clean and the ear artery is marked on the inside of the ear with a 
skin-marking pencil to center the wound. Then the ear chamber pattern is 
stamped with ink on the inside of the ear over the artery as a center guide, and 
four corner holes are punched out simultaneously with a special punch for the 


~ legs of a plastic chamber. A central circular area of 150 mm. diameter corre- 


sponding to the wound is cut out in two layers, first the skin and then the carti- 
lage. Theback side of the ear with artery, vein, and nerve in the center is left as 
“wound-ground.” <A plastic back with four legs is put in place and Ringer- 
penicillin solution applied to the wound. Then the top of the plastic chamber is 
put on and held in place with four pieces of capillary rubber tubing over the legs 
of the chamber. Daily applications of Ringer-penicillin were made, and ob- 
servations were made on the rate of healing. Recordings of the rate of healing 
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TABLE 1 
HEALING TIME OF SIMULTANEOUS WOUNDS ON RapBit EARS 


Healing time in days 
No. of animals 
Left ear Right ear 

12 1125 9: 
5 14 1352 
5 14.8 ASR) 
5) 13.8 13.8 
5 14.2 13.8 
5* 14 13.6 
Bie 15 13.8 

Ss 14.4 15 

Bie 14.4 14 
Total 52 Avg. 13.6 Avg. 13.6 


* ligated arteries 


were made by cellophane drawings of the wound and evaluated planimetrically. 
Complete closure of the wound was taken as the time of healing. 

This procedure has the advantage over other experimental wounds by not 
healing by retraction or contraction. Healing occurs first with granulation 
formation and then by rings of epithelial growth from the periphery which 
gradually fills in the wound. Another advantage is that the rabbit may act as 
its own control. Both ears may be used in the test either simultaneously, or at 
different times, as the experiment is designed. 

A total of 52 animals with 104 simultaneous wounds showed identical healing 
time on right and left ears, averaging 13.6 days (TABLE 1). The ear arteries on 
a number of these rabbits were ligated as a possible means of slowing down rate 
of healing for evaluating some of the wound-healing compounds. The collat- 
eral vessels, however, were able to overcome this procedure and the healing 
time was not affected. 

The healing patterns are shown graphically in FrGuRE 1 for a group of control 
animals with simultaneous ear wounds. In the figure, the size of the wound in 
millimeters is plotted against time of healing in days (Tag). The right ear 
(rechles Ohr) and left ear (linkes Ohr) show similar patterns of healing. It was of 
interest to note that no appreciable change in wound size occurs in the first three 
days. During this period, considerable granulation formation is observed. At 
the fourth day, small outgrowths of epithelium can be noted continuing in size 
in almost concentric rings from the periphery until healing is complete. 

In the study of animals with second-set wounds, about 40 rabbits were tested 
(TABLE 2). The control average healing time of the first wound was 14.2 days, 
while the over-all average healing time of the second-set wounds was 12.3 days. 
In one of these experiments with 11 animals, a major wound 5 to 7 cm. square, 
full-thickness skin was removed from the back of the rabbit as a stimulating or 
immunizing wound. The data on rate of healing showed that a second set of 
ear wounds on the heavily wounded rabbits appeared to heal more rapidly than 
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Ficure.1. The rate of healing of simultaneous left and right ear wounds on normal rabbits. 
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FicurE 2. The rate of healing of first- and second-set ear wounds following stimulating wound. 


a first set of ear wounds applied simultaneously with the major back wound. 
The average healing times were 13.8 and 12.1 respectively in these rabbits. 

The patterns of healing rates for the series of 11 rabbits with the major wound 
are shown in FIGURE 2. The initial or first-set ear wound was made on the left 
ear (linkes Or). The second-set ear wounds were made on the right ear (rech- 
tes Ohr). As noted above, the second-set wounds healed on the average some- 
what faster then the first-set wounds. 
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TABLE 2 
HeEattinc Time oF First AND SECOND WOUNDS IN RABBITS 


. ite S d d 
No. of animals Gealthe tne eye Berimidiniectre healing time (days) 
11 13.8 — 12a 
6 14.1 normal 11 
6 15.4 “wound” 1055 
8 14 “wound” 13.4 
9 14.1 — 13.8 
Total 40 Avg. 14.2 Avg. 12.3 


Upon complete healing of the major wounds in approximately four weeks, the 
11 rabbits were bled and serum was obtained and pooled. The serum was in- 
jected in 10-ml. amounts intraperitoneally as “wound serum” into a group of six 
rabbits. Normal serum was given to another series as a control. The data in 
TABLE 2 indicate that the injection of wound serum to rabbits seemed to stimu- 
late wound healing with the ear wounds healing in an average of 10.5 days in- 
stead of 15.4 days. Interesting also was the observation that the injection of 
pooled normal serum apparently affected the rate of healing as well with the 
average healing time of 11 days instead of 14.1 days. The same data is re- 
corded graphically in F1GURES 3 and 4. 

Qualitative differences in the wounds were noted during these investigations. 
The first wounds showed minimal amounts of fibrin during healing. The 
second wounds, in most instances, contained much greater amounts of fibrin and 
more rapid granulation as well as the more rapid complete healing. _ Of interest 
is the fact that the initial lag “period” before epithelialization started was not 
diminished in second-set wounds. The second-set wounds appeared quali- 
tatively better in practically all instances. 


© o——©_ Linkes Oh Versuch M2 Sa 
i 8 @-----0 RechtesOhr Versuch Nf 5c 
ro 


A, 2 Se See Gk 8. 9 AO AL 40 AS, ee ee Tog. 


FicurRE 3. The rate of healing of first- and second-set wounds following injection of normal serum. 
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Ficure 4. The rate of healing of first- and second-set wounds following injection of “wound”’ serum. 


Another series of animals given wound serum and normal serum in a succeed- 
ng experiment did not reveal the striking changes shown in the previous ex- 
yeriments. This series of animals was treated somewhat differently in that the 
ime between first and second wounds was shorter. 

It is felt that the second-set phenomenon exists but seems to be very complex, 
lepending upon many more factors than mere wounding. The size of wound, 
he exact timing of rewounding and taking of serum from the animal, as well as 
xternal factors of nutrition and environmental changes may all affect the 
vound healing to exaggerate or cover up the second-set phenomenon. 

In the two problems, rate of repair of wounds and rate of and reason for 
loughing of homografts, there is at least one common question to be resolved. 
[hat is whether or not an immune factor or humoral factor is involved which is 
esponsible for initiating or guiding these two responses. 

In the hope of throwing some light on this subject, sera of rabbits before and 
it intervals after homografting and wounding were studied serologically with a 
yattery of tests and antigens. It was considered possible that perhaps one or 
nore of the serological tests might show some variations to indicate or reflect 
\umoral changes involved in the wound healing processes. 

Accordingly, rabbits were bled by cardiac puncture previous to the wounding 
yrocedure and at periods during and after the healing. All sera were separated 
rom the clot within a few hours and stored at deep-freeze temperatures until all 
f a series of samples on individual animals could be run. All sera were tested 
vith identical antigens and reagents under the same conditions at the same time 
0 prevent minor variations of materials and technic from causing changes in 
he quantitative determinations. All procedures were carried out according to 
he directions of the Army Technical Manual*’ with extreme care and pre- 
ision. The tests carried out were as follows: (1) complement titration; 
2) hemolysin level; (3) cold agglutination of homologous red cells; (4) 
>roteus OX bacterial cell agglutinins, as in the Weil-Felix test; (5) typhoid 
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TABLE 3 
SEROLOGIC CHANGES IN WOUND RABBITS 


Increase Titer 
Gomplementsa=. see a. are aera — : ae 
Elemoly sin eee eras ie cee ation se rer 
Hekerop hile eases crgare, tae oleae: 26 1: 
Coldvagelutinins? sce el eer eee se Ls a 200 
ProceusiOsee ae ere ace = 5 
GMa No Obne smnce oc hee eet eoneon ss = 110-1225 
Tsohemacelutinins aye re yer are _ <i : 2 
Siciny preci pLtINS selenite settee — <llice2 


agglutinins as in the Widal test; (6) heterophile agglutinins; (7) isohemagglu- 
tinins; and (8) skin precipitins. 

The overall changes in the serological tests are indicated in TABLE 3. No 
change in the level of the labile serum component complement was noted. The 
average 100 per cent lysis end point was at a dilution of 1:30. Hemolysin 
determination with heat inactivated serum and using sheep red blood cells and 
guinea pig complement did not show an increase. The average 100 per cent 
lysis end point was at 1:25. Heterophile agglutination titers determined 
with heat inactivated serum, and sheep red blood cells showed a slight increase 
with an average change from 1:6 dilution to 1:18. The cold agglutinins were 
determined by addition of homologous red cells with incubation overnight at 
4°C. The tubes were read immediately and then allowed to stand at room 
temperature for several hours to allow a dissociation or reversion of the cold 
agglutinating reaction. The tests were then read again to determine whether 
the reaction was partly isohemagglutination. Cold agglutinin titers showed 
distinct increases following the wounds. Average levels before wounding were 
1:80 and 1:200 following the wound procedure. Negligible agglutination re- 
mained following the room temperature incubation, revealing that isohemagglu- 
tinins were not active or not changed by the wound procedure. Agglutination 
tests against the Proteus OX 19 bacterial cells were performed, as were ty- 
phoid O antigen agglutinations. The data revealed that agglutinins against 
Proteus were at a low level in all tests with no changes observed with titers of 
1:4 to 1:6. The typhoid O agglutinins, however, did show suggestions of 
increase, average titers increasing from 1:10 toa level of 1:25. In addition to 
the tests already described, precipitin tests were set up with a saline extract of 
rabbit skin. The antigen was prepared by cutting up the skin into small 
segments and then grinding it with sand. Heavy particles were centrifuged out 
at high speed. The clear antigen was layered over the serum from the rabbits 
before and after wounding for the ring-type of test. After one hour of in- 
cubation at 37° C. the tubes were read, shaken to mix, refrigerated overnight, 
and reread. All tests were completely negative. 

Another technic studied briefly was the rate of migration of leukocytes in 
native plasma as described by Allgéwer and Bloch.’ Leukocytes were col- 
lected from normal and wound rabbits as buffy coats in a centrifuged clot. The 
buffy coat was washed in saline and cut up in segments approximately 2 x 2 
mm. and allowed to clot in native plasma. The leukocytes were incubated at 
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_ 37°C. and observed after several hours and again after overnight incubation. 


Within a few hours, the leukocytes began to migrate through the plasma. 
Wound rabbit leukocytes appeared to migrate more rapidly. Normal leuko- 
cytes placed in wound plasma apparently migrated faster than in normal 


z. plasma. Quantitation of the technic was found somewhat difficult. Allgower*® 


has been carrying out an extensive investigation of the role of the white cells 


_ in wound healing in other phases of this problem, using histologic technics to be 
_ reported elsewhere. 


Additional studies have been performed at the Medical Branch along these 
same lines with skin homografts on rabbits. Full-thickness grafts of approxi- 
mately three square centimeters were made on the backs of the rabbits. The 
technic of homograft was similar to the procedure described by Allgéwer et al.2° 
The same battery of serological tests were employed as with the wound rabbits: 
complement, hemolysin, heterophile, cold agglutinins, isohemagglutinins, Pro- 
teus and typhoid O agglutinins, and antiskin precipitins. Rabbit sera were ob- 
tained before transplantation and one week after homograft. Serum was ob- 
tained and second homografts were applied at another site at three weeks. 
Serum was collected after one week and three weeks. The grafts did not take 
well on the first or second application of skin from the same rabbit. Grafts 


-sloughed at approximately two weeks in the first group and at 10 to 12 days 


in the second group of grafts. All healing was complete at three weeks follow- 
ing the graft. The results of the serologic tests are summarized briefly in 
TABLE 4. 

The changes in serologic patterns were not great. It is felt that perhaps 
greater stimulus of larger grafts might have shown more reaction. Com- 
plement did not change. The 100 per cent end point was at the 1:30 range. 
Hemolysin titers did not increase or decrease but were at the 1:25 dilution 
level. Proteus agglutinins (Weil-Felix reaction) were at a very low level of 


‘1:2-1:4inall tests. Typhoid O agglutinin titers rose at least twofold in each 


animal from 1:8 to 1:30. Cold agglutinins were at a low level in most cases. 
Heterophile antibody showed a questionably elevated titer 1:4 up to 1:10. 
Tests for antiskin precipitins proved negative in all cases. 

In addition, a number of human graft cases have been followed serologically 


(taBLE 5). Preliminary studies were made on fourteen such grafts, while five 


have been followed more closely. Samples of serum were obtained within 
several hours before the graft procedure and at one week following the graft. 


TABLE 4 
SEROLOGIC CHANGES IN HomoGRArr RABBITS 
Increase Titer 
Complement.. =... 2A ee _ oe 
PCE ly SIEM eee cst oe connie Meese | _ sett 
Bieter an lilermet eos eet 22 lems oats shoe ee a ree ae 
MOG idee stiMins: 4. rt ates one se : ae 
PO UCtICT OONe Me: on anit sem eee : — et 
By phoid- On fin ce ee 4s eee 
feahemagelutinins, 9.22. .-.....-----+---- = = 2 
MGicim precipitims.. 0.1.00. 6 2-2 eee eee _ : 
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TABLE 5 
SEROLOGIC CHANGES IN HomocRAFr CASES 


Increase Titers 
Complement any ssa sres tans aan 1 : 24 
TsO ae oo gc -sAdapooassueodyanouDUSe =e ike 24 
Heterophilesee eis serene ee oer a5 igti=al 332 
(Coitalariahnoiibers oe oomenodenoce qooeusecr = 1:8-1: 20 
IDO AOD. oc snee me ama anmape bet co twee = lee 
ADDO SMONNS snndas hogcus ont comme Doar ce ae 1:12-1:48 
Tsohemagelwtinins/ cor. rstr ete tei — — 
Mati, jomIOe ANS < ce roe Aa ego DOhSUOR ac = <lt 


In these cases, increased titers against typhoid O were elevated in some only 
slightly, in others over twofold to threefold. Complement levels were un- 
changed. Proteus agglutination did not increase perceptibly. Hemolysin 
levels remained the same. The heterophile antibody titer increased at least 
twofold. Cold agglutinins did not show a characteristic rise in the cases tested. 
Skin precipitins were negative. 

The levels on these graft cases varied widely. Larger numbers would be 
necessary for full evaluation of the serologic findings. It was of interest to see 
several of these nonspecific serologic tests show some changes during the graft 
period, suggesting, as with the wound rabbits and with the homograft rabbits, 
that there is a stimulus to the reticuloendothelial system to produce globulin 
materials. These globulins, which may be involved in the repair mechanisms, 
reveal themselves in the battery of nonspecific tests set up with the serum of 
animals and humans tested. 


Summary 


The studies on wound animals suggest that the ‘‘second-set’’ phenomenon of | 
increased rate of wound healing does exist. A humoral factor appears to be 
involved in the wound healing, as illustrated by the reaction of wounds in 
different parts of the body and as evidenced by the transferability of second- 
wound acceleration from one animal to another through the serum. It would 
appear that the presence or increase of the humoral factor may be observed 
nonspecifically by serological means. Serologic tests such as heterophile anti- 
body, cold agglutinin, and typhoid O agglutinin reveal minor changes in titers 
following the wounds. Other tests, such as for complement, hemolysin, 
Proteus, antiskin precipitins, and isohemagglutinins showed no real apparent 
variations during the wound periods. The changes observed appear to be a 
reflection of increased globulin following the wound stimulus. Increased 
mobility of leukocytes from wound animals was observed in vitro. 

The second-set phenomenon appears to be a mechanism affected by a com- 
plexity of factors other than just the wound. These factors include the timing 
and amount of wound stimulus, as well as environmental factors of temperature 
nutrition of the animal, and other external factors. 

Observations on skin homografting suggest that similar mechanisms are 
involved, as in wound healing. Nonspecific increase in other serologic tests 
were apparent, although specific changes against homologous skin could not be 
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- demonstrated. Leukocyte mobility also increased during the grafting period. 


eit 


is suggested that these changes are a reflection of a whole-body response to 


. the graft stimulus. 


These observations lend further support to the immunological and humoral 


2 approach to wound healing and to homograft phenomena, as well as to the 
antigen-antibody theory of homograft failure in homotransplantation. 
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Discussion of the Paper 

Docror Briatr O. Rocers (New York University College of Medicine, New 
York, N. Y.): Doctor Engley and his co-authors are to be complimented for 
their initial attempts to identify serologic patterns in the rejection of first- and 
second-set homografts. It is refreshing to see such a totally new and different 
attack on the problem of clarifying the exact nature of first- and second-set 
homograft reactions. We can all hope that their further studies may permit 
them to identify specific serologic patterns for the behavior of healing wounds 
and skin homografts. 

Specific serologic patterns such as these might help both the clinician and the 
laboratory worker to establish more accurate experimental controls in any 
observations made of the homograft’s response, for example, to drugs such as 
cortisone or antihistamines that are given in the attempt to prolong the survival 
time of the graft. 

Doctor Engley’s findings also raise a number of questions that only future 
research can answer. Are the humoral “wound-healing” factors that have been 
transferred from animal to animal immunologic inform? Is there a relationship 
between these humoral factors and the actively-acquired antibodies produced 
in the host against the presence of homograft antigens? Is the mechanism of 
accelerated healing in a second wound related to the mechanism of accelerated 
breakdown of second-set homografts? Are the humoral “wound-healing” 
factors he describes similar or identical to the “biogenic activators” described 
by Filatov and his Russian school of “‘tissue therapists’’? 

The concept of the more rapid healing of a second wound is especially in- 
teresting in the bearing that it may have in explaining some of the reported 
successes in the new field of “tissue therapy,”’ which seems to be developing on 
an ever-enlarging scale, not only in the Soviet Union and its satellite countries 
but even in some countries that lie outside the sphere of Soviet medical ie 
fluence, e.g., Belgium, France, and Italy. 
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RETICULOENDOTHELIAL ACTIVITY DURING ANTIBODY 
; RESPONSE* 


By Elemér R. Gabrielit 


~ Section of Medical Physics, Departments of Physiology and Internal M edicine, Yale University 
School of Medicine, New Haven, Conn. 


The cardinal role of the reticuloendothelial system (RES) in immunity has 
been suggested by a number of investigators. Ithasbeenclaimed that the RES 
is the gamma globulin-producing cell system, and that RES blockade inhibits 
antibody production, thereby, depriving animals of acquired immunity against 
pyrogens, efc. Recently, the lymphatic system and plasma cells, rather than 

_ the whole RES itself, have come into the foreground as sites concerned with 
immunity. The most recent studies, however, seem to point toward the im- 
munological importance of the entire RES again. 

The standard approach in studies concerning the role of the RES in immune 
response has been the exclusion of the system by experimental blockade. 
Upon injection of large amounts of some colloidal matter, i.e., India ink, 
Thorotrast (colloidal thorium oxide), trypan blue, etc., the RES has been postu- 
lated to be saturated, 7.e., unable to phagocytize further colloidal matter. The 
colloidal substances stored in the macrophages presumably also interfere with 
other normal functions of this cell system besides phagocytosis. By excluding 
RES functions with experimental blockade, a large number of investigators 

reported depressed antibody production, loss of natural immunity, take of 
homologous graft, efc., while others obtained inconclusive or negative results. 
Some authors denied any important role of the RES in immune processes be- 
cause of experiments in which RES blockade failed to interfere with antibody 
response, natural or acquired immunity, e/c. 

The reason for discrepancies in the experimental data concerning the im- 
portance of the RES in immunological processes appears to us to be the 
difference in the techniques used. The assumption that any of the routinely 
used ‘‘blocking agents”’ saturates the RES to the same degree and duration was 
based upon morphological rather than quantitative functional studies. After 

_jntfavenous or intraperitoneal injection of trypan blue, colloidal iron, Thoro- 
trast, efc., the Kupffer cells of the liver, the macrophages of the spleen and 
bone marrow, e/c. appear in histological sections to be heavily loaded with the 
colloidal matter administered. Therefore, a similar strong reduction in the 
’ various RES functions, 7.e., phagocytosis, natural or acquired immunity, éfc., 
_-was expected after the administration of any of these “blocking agents.” By 
measuring the change in the phagocytic activity of the RES following the ad- 
ministration of several routinely used “blocking agents,” our studies showed that 
- the degree and duration of the blockade widely varies, depending on the kind of 
blocking agent used. Some colloids, such as Thorotrast,’ and certain iron 
colloids,‘ cause efficient blockade for several days, while others, 7.e. trypan blue,’ 


* This research was supported by the Institutional Research Grants from the American Cancer So- 
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do not reduce the phagocytic activity of the RES at all. Obviously, the unjus- 
tified assumption that the various “blocking agents” can be used interchange- 
ably to produce identical blockades leads to discrepancies in many studies 
performed in this field. The lack of quantitative RES functional tests made 
the evaluation of many inadequately controlled experimental data very diffi- 
cult. Careful and exact definition of terms such as RES functional state, 
blockade, RES regeneration, efc., seems to be necessary to eliminate further 
confusion in RES research and to determine the importance of this system in 
immunity. 

At our laboratory, an RES functional test has been developed using radio- 
active colloidal chromium phosphate (CrPQx,). Briefly, this technique in- 
cludes: 

(1) The determination of the intravascular “biological half-life” of the 
CrP#O, (the time during which half of the intravenously administered CrP*O, 
leaves the blood stream).! ? 

(2) The determination of the distribution of injected CrP*O, within the RES, 
i.eé. measurement of the radioactivity content of the liver, spleen, and other 
organs containing RE elements. In healthy animals the portion of radio- 
activity removed by the liver, spleen, efc. is very constant.’ Distortion in the 
organ distribution pattern indicates local hyperfunction or hypofunction of the 
macrophages in the various organs. 

In the present studies, the phagocytic activity of the RES was tested in mice 
after single injection of foreign proteins and red cells. 

A. Changes in the phagocytic activity. A series of male C57 black mice was 
intravenously injected with sheep red cells and, subsequently, the removal rate 
of CrP*O, was determined at various times up to 14 days. Shortly after the 
sheep red-cell administration, the disappearance rate of the CrP®OQ, became 
faster (FIGURE 1). In 20 controls, the biological half-life of the CrP®O, was 
0.93 + 0.05 minutes, but in the six mice tested three hours after the red-cell in- 
jection, the biological half-life was only 0.73 + 0.02 minutes. The difference is 
statistically significant (P < 0.01). In this particular experiment, an accelerated 
removal rate was noted up to five days after the foreign red-cell injection. In 
another series, male Swiss albino mice were injected with rabbit serum. 
Immediate strong reduction of the biological half-life was noted here too, but 
the faster phagocytosis lasted only for the first 24 hours. In animals tested 
two days after the rabbit serum administration, the removal of CrP#2Q, oc- 
curred at the same rate as in the untreated controls. 

Our previous studies have shown® that RES activity, as tested with CrP#O, 
technique, is very different in various inbred strains of mice. Probably, this 
genetic difference in the RES of the various strains explains faster phagocytosis 
lasting for several days in the C57 strain, while in Swiss albino mice, the normal 
phagocytic rate was reestablished two days after antigen administration. 

B. Changes in the capacity of the RES. Another series of experiments 
was carried out in order to analyze further the nature of accelerated phagocytosis 
noted after foreign red-cell injection. Three groups of Swiss albino mice, eight 
animals in each group, were injected with sheep red cells. One of these groups 
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_ Ficure 1. The disappearance rate of CrP%°Os from the blood in mice previously injected at various times 
with sheep red cells (4 per cent, 0.1 ml./10 gm. body weight). Ordinate: biological half-life in minutes. Abscissa: 
number of days between red cell injection and CrP#Ox test. Each point is the mean of eight experiments; the 
horizontal dotted line is the mean of 20 untreated controls. 
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received, simultaneously, 0.5 ml. (per 100 gm. body weight) of Thorotrast* 
intraperitoneally; the second group was given 0.8 ml. Thorotrast; the third only 
the sheep red cells. Three control groups were added, of which two received the 
same dose of Thorotrast as the first and second experimental groups, and the 
third group was untreated. One day later, the removal rate of CrP*O, was 
tested in all animals. In the control group the smaller dose of Thorotrast 
doubled the biological half-life (FIGURE 2). In animals pretreated with the 
larger dose of Thorotrast, the removal rate of CrP**Q, was even more prolonged, 
indicating severe RES blockade. All the animals injected with sheep red cells 
exhibited shorter biological half-lives than those of the corresponding control 


“groups. When only sheep red cells were injected, the biological half-life was 


AS 


0.60 + 0.03 minutes. Becausea certain circulation time must elapse before the 
radioactive particles reach the capillaries where the phagocytic cells are located, 


_ there is, theoretically, a minimum possible half-life. In some of the red-cell 


pretreated mice, the rate of phagocytosis approached the limit. In five out of 


“eight animals, the smaller dose of Thorotrast did not affect the removal rate of 


the CrP?2O,. In the others, slightly prolonged circulation of the radioactive 
particles was noted. While in the control group, this dose reduced the phagocy- 
tic activity of the RES to ca. 50 per cent; in the red-cell injected animals the 
longest biological half-life noted was still shorter than the shortest in the 
corresponding control group. It appears that red-cell injection not only ac- 
celerated phagocytic activity of the RES but also moderately increased its 


* Kindly supplied by American Cyanamid Corp. 
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_Ficure 2. The disappearance rate of CrP%*O4 from the blood tested one day after intraperitoneal Thorotrast 
injection (in ml./100 gm. body weight). RBC: these mice received sheep red cells intravenously simultane- 
ously with the Thorotrast. Each point represents the mean of eight experiments. 


capacity; 0.5 ml. Thorotrast failed to reduce significantly the phagocytic 
rate. The larger dose of Thorotrast induced severe blockade in the red cell 
pretreated group also. Although all the half-life values obtained were smaller 
than in the corresponding control group, apparently this dose of Thorotrast 
is close to the amount necessary for practically complete saturation of the 
RES, 

C. Changes in the site of uptake of CrP°O4. Groups of Swiss albino mice were 
injected intravenously with sheep red cells at various times before the CrP#2O, 
test. An additionl group of untreated mice served as controls. All the animals 
were tested with the same CrP*QO, preparation. Radioactivity content of 
various organs was determined in samples removed one hour after the CrP#2O, 
injection. The liver of the animals injected with red cells 24 hours before 
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_ Ficure 3. Percentage deviation in the radioactivity content of the liver, spleen, and kidney in mice pre- 
viously injected at various times with sheep red cells. All the animals were injected with 0.2 ml. of CrP#O4 . 
Horizontal line at 0 represents the mean of 10 untreated controls. 


showed increased radioactivity as compared to the controls, the difference 
being statistically significant (P < 0.01). Vast increase (P < 0.001) of the 
spleen radioactivity was also noticed in this group, while the kidneys and 
heart contained less radioactivity than those organs of the controls. The liver 
and the spleen removed practically all the radioactive particles administered, 
as indicated by the reduction of radioactivity in other organs. In the group 
which received the red-cell injection five days before the CrP*O, test, only the 
Spleen radioactivity was elevated, but due to considerable spreading among 
the individual animals, this difference could not be proved to be statistically 
significant. No distortion in the distribution pattern was demonstrable in 
those groups of animals which were injected with red cells 10, 15, and 20 days 
before the CrP**O, administration. 

The increased phagocytosis of the liver and spleen, one day after the red-cell] 
injection, seems to explain the accelerated removal rate of CrP*O, and increased 
capacity of the RES observed in the two previously described experiments 
(A and B). The most striking changes in the RES functions occur during the 
first 24 hours after the antigen administration. Hyperphagocytosis is indicated 
by (1) shorter biological half-life of CrPO, ; (2) increased capacity; and 
(3) increased uptake in the liver and spleen. 

It was reported recently by several laboratories that the radiosensitive phase 
of the antibody response is during the first day after antigen administration. 
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Whole-body X radiation delivered at this phase is able to extinguish the anti- 
body response. The possible explanation that radiation injury of the RES 
caused the lack of antibody response in these animals was rejected by these 
investigators because the RES is generally considered not to be particularly 
radiosensitive. This point, however, should be reinvestigated. At our lab- 
oratory, we have considerable direct evidence that the RES is one of the most 
radiosensitive tissues of the body. It is accordingly very possible that the 
inhibiting effect of X irradiation upon antibody production could be explained 
through severe RES injury. Cortisone also depresses RES activity’ F urther 
careful studies are necessary to determine whether cortisone or X radiation facili- 
tate the take of homologous grafts or tumors by depressing RES activities, or 
whether this effect should be explained through some other mechanism. 

Assuming that the RES really plays an important role in specific and non- 
specific immunity, another aspect should be pointed out. Histological studies 
demonstrate RES hyperplasia for weeks after foreign protein injection. Our 
studies indicate, however, that striking hyperphagocytosis lasts only for a short 
while after the antigen injection. Therefore, it appears to be logical to con- 
centrate the attempts to study the influence of the RES to this period of the 
antibody response. 
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Discussion of the Paper 


Doctor H. SHERWOOD LAWRENCE (New York University College of Medicine, 
New York, N. Y.): Doctor Gabrieli’s observation, that the changes which occur 
in reticuloendothelial function following foreign red cell injection do so within 
the first 24 hours, is a most interesting finding. His correlation between this 
time period and the radiosensitive phase of antibody response and his sugges- 
tion that the inhibiting effect of X irradiation upon antibody production could 
be due to injury to the reticuloendothelial system are plausible. Doctor 
Gabrieli’s concept would also appear to be in line with current interpretations 
of protein synthetic mechanisms at the subcellular level, particularly as related 
to the effects of X irradiation upon the biological functions of the desoxyribo- 
nucleic and ribonucleic acids. 


Part II. Techniques for Detection of Immune Responses 


OBSERVATIONS ON THE CIRCULATION OF HOMOLOGOUS 
GRAFTS OF SKIN TO RECIPIENTS TREATED WITH 
SODIUM SALICYLATE, HISTADYL, AND 
IRRADIATION 


By Richard B. Stark, H. Conway, and J. D. Sedar 
The New York Hospital, New York, N.Y. 


Using the tissue chamber technique of Algire, as modified in this laboratory, 
homologous transplants of skin were observed in mice in which conditions had 
been changed by drugs and by physical agents known to mitigate the immune 
response. In all experiments, mice of widely divergent strains (albino Swiss 
and agouti C57) were used. 

Antihistaminic drugs (Benadryl and Histadyl) and sodium salicylate were ad- 
ministered to the recipients. The recipient site was irradiated locally with 
divided doses of X ray fora total of 1600 r. prior to homotransplantation of skin 
to that region. Antihistaminic agents (Benadryl and Histadyl) were employed 
to test the assumption that allergy, immunity, or sensitivity play a role in the 
failure of homologous grafts of skin. From the work of Dale and Laidlow, it is 
known that histamine is liberated as a consequence of the antigen-antibody 
reaction. An antihistaminic drug (Pyribenzamine) was utilized by Foster and 


_ Hanrahan, who thought that histamine might be liberated as a result of an 


antigen-antibody reaction believed to exist between homologous grafts of skin 
and the tissues of the recipient. They transplanted a thick-split skin graft 
from a white Caucasian male to an open wound in a colored female. Biopsies, 
at the end of 60 days and 90 days, revealed that hair follicles and sweat glands 
of the homotransplant were intact. 

Histadyl, a thiazole derivative of the aminopyridine series of antihistaminics, 
was employed in another series of experiments. The amount of antihistamine 
administered in Histadyl is approximately 16 times greater than that released 
when Benadry] is utilized. 


-~ The role of salicylates in limiting the antigen-antibody reactions and in limit- 


x 


ing antibody formation has been reported in the literature. In 1948, Campbell 
inhibited anaphylactic shock in rabbits by the oral administration of acetyl 
salicylic acid one hour prior to the induction of shock by the administration 


of egg albumin. This inhibitory action was transitory, as the same ani- 


Mals could be thrown into anaphylactic shock two weeks later after the ad- 
ministration of salicylates had been discontinued. It was shown by Campbell 
that salicylates were not effective against shock induced by histamine, and that 
probably the action of the salicylates was that of blocking anaphylaxis. Swift 
observed that the production of antibodies in response to the antigens of strep- 
tococci and pneumococci could be suppressed by the administration of sodium 
salicylate. It appears likely that salicylates not only inactivate antibodies, 


but also inhibit their formation. 


X rays are known to lower the resistance of organisms to antigens. Benja- 
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FicureE 1. Pattern of peripheral circulation seen by the tissue chamber technique in successful autografts of 
skin. The vessels course directly towards the transplant in parallel fashion. A sufficient degree of vasculariza- 
tion takes place around the periphery of the graft so that it can be seen macroscopically. ‘‘G” indicates graft. 
Arrow indicates neovascular growth. 
min and Sluka found that animals irradiated before the injection of beef serum 
had a lower precipitin titer and this antigen disappeared more slowly than in 
control animals. Hektoen found the production of lysin for red blood cells was 
reduced in irradiated animals. Numerous workers have shown that irradiation 
lowers the resistance of animals to transplanted tumors. Previous investi- 
gators have attempted to suppress antibody formation by a single dose of total 
body irradiation. Rabinovici utilized a single dosage of 500 r. Dempster, 
Lennox, and Boagused a dosage of 250 r., given 24 hours prior to homotransplan- 
tation. Hardin and Werder administered a single dose of 300 r. to the whole 
body 24 hours prior to homotransplantation. Since earlier investigators have 
used low dosages of irradiation applied to the total body, the experiments 
reported herein were planned with the thought that irradiation should be ap- 
plied locally to the recipient bed of the future homograft in relatively high 
doses. 

Results 


(1) Recipients treated with Benadryl. In all, 22 mice were studied. Of these, 


13 grafts survived longer than the maximum survival period (10 days) of un- 
treated homografts. 
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Dosage —__- 29 gammas a day 
Longest survival 28 days 
Average survival 12 days 


Vascular observations: Circulation of the recipient bed continued to be active. 
The rate of flow in the vessels adjacent to the graft, however, was greatly re- 
duced when compared with that in the peripheral portion of the recipient bed. 
In no instance did these grafts show evidence of invasion by capillaries, either 
from the subcutaneous tissues or from the subcutaneous vessels at the periphery 
of the grafts. 

(2) Recipients treated with Histadyl. Twenty animals were employed in this 
study. Of these animals, 16 grafts survived longer than the maximum survival 
period (10 days) of untreated homografts of skin. 


Dosage 0.5 mgm. intraperitoneally daily 
Longest survival 34 days 
Average survival 16.4 days 


Vascular observations: In contradistinction to experiments in which benadryl 
was used, revascularization of the graft by capillaries was seen as early as seven 
days after transplantation. In each instance, capillary invasion of the graft 
occurred from the recipient bed immediately subjacent to the transplant. The 
pattern of revascularization was correlated with the pattern of underlying 
vessels in the bed of the host. That portion of the transplant overlying large 
vessels in the recipient bed became vascularized first. The new capillaries were 


ski i si » of the main vessels of the recipient bed, 

FicuRE 2. Untreated homograft of skin showing thrombosis of one o the main vess tl ‘ipient bed 

clouding of detail, and infarction of the bed underlying the transplant. ‘‘G’’ indicates the graft. Arrow indi- 
cates thrombosed vessel. 


Ss ee: 


FicurE 3. Temporary type of vascularization from the recipient bed subjacent to the homograft. This type 
of circulation is seen in recipients who have been treated by sodium salicylate, Histadyl, and in whom the recipi- 
ent site has been heavily irradiated prior to homotransplantation. ‘‘G’’ indicates the graft. Arrow indicates 
neovascular growth as seen in the tissue chamber. 


soon engorged with blood. However, stasis and thrombosis developed subse- 
quently, preceding the endothelial rupture which occurred invariably. The 
grafts were rendered avascular. Vascularization from the peripheral portion 
of the recipient bed was not observed and a permanent hemic circulation was 
not established in any of these homografts. 

(3) Recipients treated with sodium salicylate. Twenty-two mice were treated 
in this series. Of these, 10 grafts survived longer than the maximum survival 
period (10 days) of untreated homografts of skin. 
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Dosage ~ ep 4.5 mg. intraperitoneally dail 
Longest survival 26 dace é Aes 
Average survival 12.1 days 


Vascular observations: Increasing viscosity of the exudate characterized the 
early plasmatic circulation. Capillary vascularization of the graft was evident 
within seven days after transplantation. This vascularization occurred from 
vessels of the host lying beneath the transplanted tissue. The vascularization 
of the graft was transient, and the capillaries failed to differentiate into arteri- 
oles and venules. Rupture of the vessels caused extravasation and hemolysis 
of blood. Peripheral vessels of the recipient bed did not invade the graft. 

(4) Recipients treaied with irradiation. Twenty mice were irradiated twice 
weekly fora period of two weeks. A total of 1600 r. was given in four successive 
treatments of 400 r. each to the local recipient site upon the dorsum of the mouse. 
Of the homografts in these animals, 14 survived longer than the maximum sur- 
vival period (10 days) in control animals with homografts of skin. 


Longest survival 24 days plus (chamber was removed and homograft has been 
followed macroscopically). 
Average survival 15.1 days 


Vascular observations: Active hemic circulation was maintained in all cases. 
Striking was the tortuous vascular plexus at the perimeter of the recipient bed 
which developed soon after homotransplantation. This capillary plexus was 
visible macroscopically by the ninth day. Definite capillary invasion of the 
grafts was noticed within nine days after transplantation. This invasion de- 
veloped from the surface subjacent to the graft. A definite flow of formed 
elements of blood was observed. 


Discussion 


It appears that Benadryl] and Histadyl interfere temporarily with the im- 
munological response of the host. These drugs decrease the mortality rate in 
mice when these animals are thrown into anaphylactic shock. Possibly the 
beneficial action of both Benadryl and Histadyl on homotransplants in mice is 


-not related to their antihistaminic action, but is effected through this anti- 


anaphylactic property. 

It is known that salicylates exhibit an antianaphylactic action also. It is 
felt by some observers that the production of antibodies also is suppressed by 
the administration of salicylates. It is known also that salicylates may reduce 
the prothrombin levels of the blood. This direct action on the clotting mecha- 
nism of blood may manifest itself in the free-flowing hemic circulation that was 
observed in the recipient bed of animals treated with sodium salicylate. Cer- 
tainly, the initial manifestation of failure of homografts, thrombosis, was not 
observed in these animals. 

It appears that larger doses of irradiation administered locally may enhance 
the survival of homotransplants of skin, Although much work has indicated 
that local antibody formation may occur at the site of injection of antigen, the 
matter remains controversial. Cannon ef al. reported a higher titer of anti- 
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bodies in vaccinated skin than in the blood serum, liver, or spleen, and anti- 
bodies appeared in the skin before they did in other regions. 


Summary 


Four experiments were run, utilizing two antihistaminic agents (Benadryl 
and Histadyl), sodium salicylate, and irradiation of the recipient site in observa- 
tions on the development of circulation in homografts of skin. All of these 
agents maintained a free-flowing hemic circulation in the grafts and, in all but 
the experiment with Benadryl, the homotransplants of skin were temporarily 
vascularized from the recipient bed in the area subjacent to the graft. The 
average survival time of the homotransplants in each experiment was pro- 
longed over that of control homografts of skin. No peripheral ingrowth of 
capillaries, such as is seen in autografts of skin, was observed. The survival 
time of homotransplants of skin was observed to be prolonged markedly in 
some of the animals which received irradiation of the recipient site. The trans- 
parent chamber and splint was removed in these animals so that observations 
could be made macroscopically over a prolonged period of time. In spite 
of the prevention of thrombosis in all of these experiments and in spite of tempo- 
rary vascularization of the graft from the subjacent bed, no permanent hemic 
circulation was established, and none of these transplants was successful 
permanently. 
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Discussion of the Paper 


Doctor Ruta M. Merwin (National Cancer Instituie, Bethesda, Md.): 
Because most of the skin grafts just described were not vascularized, I should 
like to consider them in the light of some observations made on the fate of 
nonvascularized homografts. Doctor Algire’s transparent chamber technique 
was used. Thyroid and harderian gland tissue was grafted. As the harderian 
gland contains large branched pigment cells, the fate of individual cells could be 


~ followed. The grafts were much smaller than the skin grafts just described. 


They were less than a millimeter in diameter. It was found, first, that non- 
vascularized grafts did not initiate resistance and therefore they survived in- 
definitely, that is, they were still surviving at nine months. Second, nonvascu- 
larized grafts were destroyed if the host was made resistant by the presence of 
another graft that was vascularized. Third, if the graft was vascularized 14 or 
more days after it was grafted, instead of during the first seven days, the graft 
survived longer after vascularization and sometimes survived indefinitely. 
Although these small grafts did not initiate resistance if they were not vascular- 
ized, it is possible that the larger skin grafts, described by Conway, Stark, and 
Sedar, did initiate resistance, as suggested by the thrombosis around homo- 
grafts and by the orientation of new blood vessels. The large accumulation of 
host exudate and cells around the skin grafts was not found around the smaller 
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grafts, and this lack might account for the fact that the skin grafts seemed to 
initiate resistance. If resistance was initiated, the destruction of the non- 
vascularized skin grafts by resistance in the host probably proceeded along with 
the destruction caused by the lack of a blood supply. Finally, although grafts 
of thyroid and harderian gland tissue survived longer after late vascularization, 
it is probable that the skin grafts would not survive longer, because the pro- 
longed survival was a result of the incapacity of a graft vascularized late to 
initiate resistance, and it seems probable that the skin grafts, even though they 
were not vascularized, had already initiated resistance. 


EN 


DEFINITION OF SURVIVAL TIME OF HOMOGRAFTS* 


By A. Cecil Taylor and Jerome W. Lehrfeld 
New York University School of Dentistry, New York, N.Y. 


Recent increased interest in the problems of the skin homograft reaction has 
emphasized the need for a more precise quantitative definition of the survival 
time of the graft. Aside from observations on the qualitative changes occurring 
in the graft tissue and their relative intensity, the measurement of the time 
interval between implantation of the graft and its breakdown has proved to be 
an important method for evaluation of experimental manipulations of the graft 
tissue or of the host. 

This time interval can correctly be termed the survival time of the graft since, 
as demonstrated in experimental animals, the engrafted skin, during this 
period, has the gross appearance of vital tissue, has the histological structure 
of living skin, will grow when removed and cultured in vitro, and, as we shall see, 
exhibits physiological changes such as circulation of blood and even growth of 
hair. It must be emphasized that, throughout its period of survival, a homo- 
graft behaves, in all visibly detectable respects, exactly as does an autograft. It 
differs only in that its survival is terminated by the events occurring in a period 
of rejection. 

The measurement of the survival time of homografts should rightly begin from 
the time of its implantation. This is true despite the fact that in vivo observa- 
tions and histological studies indicate a period of depression for the grafted 
tissue during the time before adequate functional connections with the sur- 
rounding host tissue are established. The duration of this initial period is de- 
pendent largely upon surgical techniques. At worst, the necessary connections 
may be delayed until the graft tissues die from lack of nourishment and ac- 
cumulated wastes, and the graft is a failure. At best, the period of depression 
may last only two or three days, during which interval, very few graft cells are 
damaged, and the organization and vitality of the tissue remain intact. This 
phase of establishment is, of course, common to both autografts and homo- 


__ grafts. 


The terminal point of the survival period is, on the other hand, more am- 
biguous and less easily detected. Its recognition is complicated by the fact 
that the process of rejection, from the first signs of incompatibility to total 
elimination of the foreign tissue, may occupy a period of many days or even 
weeks. Furthermore, it involves a series of many observable changes, some of 
which are not directly related to the incompatibility reaction, and may be 
hastened or delayed by chance variations in the grafting or dressing techniques. 

Observations for timing of the graft rejection may be of three types: (1) 
gross observations, (2) microscopic observations of fixed biopsies, and (3) 
microscopic observations of tissues 77 si/u. 

The first of these types is the simplest and most direct. Gross observation of 


* Supported in part by a grant from the Atomic Energy Commission to the Plastic Surgery Unit, Department 
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the graft should, of course, always be made and does furnish important in- 
formation. Gross observation, however, has shortcomings which may render 
its use alone very unreliable for establishing the time of graft rejection. Its 
weaknesses are obvious. In the first place, the terminal phenomena may vary 
greatly in appearance. Sometimes, the graft seems suddenly to ‘“‘melt away” 
or, again, it may form a scablike mass which may remain for many days before it 
is “sloughed.” Variations of the latter type are so common that the sloughing 
of this mass of necrotic graft cells and accumulated lymphocytes has sometimes 
been looked upon as the terminal point of homograft survival. It can be shown 
in experimental animals, however, that the character of the “slough” and the 
length of time that it remains in place vary with the thickness of the grafted 
skin, with the violence of the incompatibility reaction, and with the type of 
dressing over the graft. None of these factors are directly related to the time of 
onset of the tissue incompatibility reaction, which is the end point we are seeking. 

In those cases where a considerable portion of the dermal collagen of the 
graft is overgrown by host epidermis and, at least temporarily, incorporated in 
the newly forming skin over the graft site, gross observation alone might lead to 
a mistaken interpretation of this collagen pad as persisting vital graft tissue. 

Finally, in cases where the graft fails to become successfully established, the 
resulting dead graft tissue may resemble the ‘‘slough” of an actively rejected 
graft. By gross observation alone, this condition could lead to a misinter- 
pretation of the length of graft persistance. 

It seems evident that the changes which accurately mark the end of homo- 
graft survival are too subtle to be detected by gross observation alone. These 
observations should, therefore, be supplemented by closer scrutiny. 

Microscopic examination of fixed biopsies from the graft makes possible not 
only a more accurate evaluation of the organic status of the tissue, but of the 
cytological condition of its component cells. Most experimental studies have 
relied largely upon histological analyses for determining the time of graft re- 
jection, Medawar,! for the experimental animal, and Gibson and Medawar? 
among many others, for man, have described in detail the different steps in the 
history of skin homografts as seen in stained sections. In spite of the fact that 
this is doubtless the most precise method for determining the true morphological 
condition of the graft tissue, there are still reasons for seeking other methods. 

A dynamic status, such as the existence and rate of blood circulation, can be 
inferred only from static histological pictures. Since this status is an impor- 
tant consideration with regard to the time of graft establishment and rejection, 
the indefiniteness of the histologic method, in this respect, constitutes a weak- 
ness. 

A second shortcoming of the histological method is that it is, of necessity, a 
terminal observation. It is not possible to observe the same area of the same 
graft on successive days. Furthermore, considerable time and effort must be 
expended before the status of the graft can be determined. By this method 
alone, it would be difficult to institute experimental procedures at times 
precisely related to the establishment or rejection of a graft. 

For the reasons just mentioned, efforts have been made to supplement histo- 
logical studies by microscopic observations of skin homografts in situ. One way 
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in which this method has been attempted is by implanting the graft in special 
transparent chambers, such as those devised by Algire,’ in which the tissue may 
be examined under the microscope with transillumination. This method has 
the distinct advantages of permitting continuous observation of the same graft 
and of allowing for relatively high magnification. Furthermore, circulation of 
blood and flow of tissue fluids, as well as movements of cells and their physio- 
logical responses, can be watched. 

Conway and his associates! have utilized a modification of this method to 
investigate the fate of skin homografts in the mouse. In their studies, however, 
these workers have failed to observe any hemal flow in homografted tissue. 
Inasmuch as the histological studies of Medawar! and the in vivo observations 
discussed below all consistently show the occurrence of blood flow in homo- 
grafted skin which has either been sutured into surface defects or simply held in 
place with dressings, it would appear that the application of the transparent 
chamber in Conway’s experiments must be responsible for some condition un- 
favorable to the development of circulation. 

It has been found possible, however, to study grafts im situ, microscopically, 
without recourse to any devices or manipulations which could adversely affect 
the course of events in the normal establishment and healing of the graft. The 
method to be described has certain limitations. Since examination is made with 
incident light, the normal opacity of the deeper layers of the skin obscure most 
structures below the reticular layer of the dermis. Magnification of more than 
90X is impractical when studying structures so deeply imbedded in tissue. On 
the other hand, the considerable advantage of binocular vision is available at 
this magnification. Under these conditions, sebaceous glands and hair follicles, 
as well as the pattern of dermal collagen can be seen easily. The tonic status of 
subepidermal blood vessels can be determined, and the motion of red blood cells 
through them is visible. 

The technique of this observation is extremely simple. After the animal is 
anesthetized, the surface of the graft to be examined is cleaned by gently swab- 
bing with a cotton pellet dipped in mineral oil. An excess of oil isleft on the skin 
which serves to clear the surface layers and to form an optical seal with the under 
surface of the glass stage of a dissecting binocular microscope when the animal 


~is held in the manner illustrated in FIGURE 1. The contact of the graft with the 


stage serves also to steady the skin against respiratory movements of the ani- 
mal. Excessive pressure is avoided since it compresses the cutaneous blood 
vessels. A strong light, which has passed through heat-absorbing glass, is 
directed downward on the graft through the glass stage. 

With this arrangement, normal rat skin appears somewhat as in FIGURE 2. 
The constricted condition of normal capillaries, plus the inability of a single 
photograph to show three-dimensional depth, results in an illustration less im- 
pressive than what is seen through the binocular microscope. The figure is 
included, however, for comparison with the photographs which follow. 

The next four figures are photographs taken of a homograft on a young male 
rat examined on successive days to illustrate the changes seen during the estab- 
lishment of the graft. In ricuRE 3, we see the graft one day after implantation. 
Some of the capillaries and larger vessels of the graft appear more distinct than 
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FicurE 1. Manner of holding animal to study graft. 


in normal skin. This appearance is owing to their somewhat more distended 
condition and to the static blood which they contained. This blood, although 
stagnant, was not clotted, as could be shown by the character of its displacement 
when pressure was applied as well as by hemorrhage from vessels experimentally 
cut. Thesizeand pattern of the vessels, as well as the shortness of the time since 
implantation of the graft, suggest that these ducts are the old vessels of the 
graft which are now being refilled with host blood. 

By the second day, as shown in FIGURE 4, the vessels are more distended and 
more completely filled. In this case, there is still no circulation, although 
sometimes sluggish flow may be seen in some of the peripheral vessels as early 
as the second day. 

On the third day, as illustrated in FIGURE 5, vascular distention was even more 
pronounced. At this time, slow circulation of blood through many vessels of 
the graft was observed. 

FicurE 6 indicates that, by the fourth day, distention of the vessels had not 
noticeably increased. At this time, however, blood was in circulation through 
all the vessels of the graft and its rate of flow was nearly normal. 

The events, as observed within the period of establishment of the graft, which 
occupies the first four days after implantation, suggest that, very soon after 
implantation, a few capillary sprouts bridge the gap between the vascular beds 
of the host and the graft. These first connections must be anastamoses between 
two capillaries or between a capillary and a larger vessel. Through such minute 
connections, enough host blood can seep into the partially empty graft vessels 
to fill and eventually distend them, but not enough to cause detectible flow. 
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- FicureE 2. Normal intact rat skin. 
Frcure 3. Homograft photographed one day after implantation. Some distention of the vessels indicates 

partial filling with blood. 
Ficure 4. Same homograft two days after implantation. More vessels distended with blood. There was 


no flow. 
Ficure 5. Same homograft three days after operation. Considerable distention of all vessels, but little move- 


ment of contained blood. 
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FrcureE 6. Same homograft four days after operation. Circulation, though slow, was visible in all vessels. 

FicurE 7. Homograft eight days after implantation. The distention of all vessels here evident and a gen- 
eralized stasis of blood are indications of the beginning of the rejection reaction. 

Ficurrs 8 and 9. Homografts nine days after operation. Vascular breakdown is characterized by local 
hemorrhage first apparent around smaller capillary loops and then involving the larger vessels as here seen. 
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paid ng 10. Vascular system of graft injected with India ink two days after operation. 
the graft. 


No ink has got into 
As the number of such host-to-graft connections increases, drainage is grad- 
ually provided for the resevoir of stagnant blood in the graft. The rate of 
flow in graft vessels is then accelerated as the connections multiply in number 
and increase in caliber until a normal circulation is again established. 

This interpretation is supported by some observations of the vascular pattern 
in the skin of mice which had been homografted. Two days after grafting, the 
vascular system of the animal was injected with India ink and the skin was re- 
moved and cleared. FicureE 10 shows that, by this time, no India ink could get 
into the graft, despite the fact that observation before the mouse was killed 
showed the graft to have a blood-filled vascular system. 

FrcureE 11 represents a graft injected on the fourth day, when blood was seen 

~to be freely circulating. Observe here that the graft containsa vascular pattern 
which is quite mature and well filled with ink. It must certainly be the old 
donor vascular bed which by now has been connected to host vessels. 

It should here be emphasized again that, up to the point of complete re- 
establishment of the graft circulation, there is no observable difference in the 

-~ events which take place, or in their timing, between autografts and homografts. 

From the sixth day on, healing in autografts progresses until all evidence of 
the operation disappears. With homografts, however, a new set of events 
commences rather abruptly on the seventh, eight, or ninth day. Let us return 
now to the photographs of the living rat to see the nature of this change. 

The very first indication of the impending events sometimes may be seen as 
a distention of all the graft vessels. Except in homografts where the period of 
survival has been experimentally prolonged, this second distention frequently 
comes before the initial period of distention has subsided, and it is consequently 


Frcure 11. Vascular system of graft injected with India ink four days after operation. Note mature and well 
filled vascular pattern. 


not easily recognizable. For this reason, distention has not been used as an 
indication of rejection. 

When it is detectible, distention is very rapidly followed by a stoppage of 
blood flow in most or in all vessels of the graft. This condition, shown in 
FIGURE 7, is easily observed. It is characterized by static blood in irregularly 
distended vessels. While the blood appears still to be fluid, the formed ele- 
ments frequently are clumped together, leaving segments of vessels filled with 
clear fluid. This condition is the first unmistakable sign of the tissue reaction 
and, since it marks the end of normal physiological function of the graft asa 
tissue, it would seem an appropriate end point for the period of graft survival. 

Generally, within one day after the hemal stasis just described, many vessels 
throughout the graft break down and liberate blood into the tissue spaces, 
giving the appearance shown in FIGURES 8 and 9. By this time, the epidermis 
of the graft has loosened so that it may be easily peeled off. Events which 
follow shortly are the degeneration of the sebaceous glands and the shedding of 
the hair follicles. By the eleventh day, little is left of the graft skin but the 
dermal collagen fibers. 

Using hemal stasis as the end point of homograft survival in a study on 
75 normal young rats, none survived for less than seven days. Fourteen per 
cent had a survival time of seven days, 44 per cent persisted for eight days, and 
37 per cent for nine days. The mean survival time was 8.3 days. Three cases 
lasted longer than nine days. Two of these cases had developed systemic in- 
fections, and one female was found to be pregnant. The method has been 
applied to mice where preliminary experiments indicate a survival time of seven 


or eight days. Several rabbit homografts appear to persist for six days when 
studied by this method. 
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To illustrate the advantage of the relatively narrow margin of variation in 
survival time, when this method of measurement is used in conjunction with 
standardized grafting techniques, the following studies will be reported briefly. 

An experiment was conducted to determine whether the dosage phenomenon 
which Medawar had described in the rabbit! could also be demonstrated in the 
rat. 

Forty rats were used. On 20 of these, homografts were placed which varied in 
area from 100 to over 600 square millimeters each. In the other 20 rats, small 
fitted pinch grafts measuring from one to four square mullimeters in area were 
implanted. F1GuRE 12 shows graphically the distribution of the survival times 
and the mean value, in the left-hand column for the large grafts, and in the 
right-hand column, for the pinch grafts. The mean survival time of 21.7 days 
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Ficurer 12. Graphic representation of results of experiment on dosage phenomenon. 
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for the pinch grafts is nearly three times the mean of 8.1 days for the large 
grafts. The distribution of the survival times for the large grafts is no greater 
than one day above or below the mean, despite the fact that the size of the grafts 
varied by more than sixfold. Above a certain size limit, apparently, changes 
in area of a graft will not alter its survival time. 

On the other hand, the distribution of the small pinch grafts is quite wide. 
One of these grafts persisted for 39 days and bore long donor hairs before it 
broke down violently. Among these grafts, in general, the smaller grafts per- 
sisted the longest. To make certain that this result was a dosage effect, and not 
some other factor favoring small grafts, large and small grafts from the same 
donor were placed on the same animal. These grafts invariably showed vas- 
cular stasis simultaneously in the large and small grafts at about eight days. 
This study confirmed, in the rat, Medawar’s finding in rabbits. 

A study is now being conducted to investigate the survival time of second and 
third set homografts in the rat. Preliminary results show that there is a def- 
initely accelerated breakdown of second set grafts. The time of this breakdown 
may be controlled by varying the time of implantation of the second set graft 
in relation to the survival time of the first set graft. 

The method of observing grafts here described has been used successfully in 
studies on rabbits, and is now being adapted for study of homografts on humans. 

It is hoped that the possibility of thus more precisely defining the survival 
time of skin homografts may assist in advancing research on the nature of the 
incompatibility of homologous tissues. 
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Discussion of the Paper 


Doctor JOHN Marquis CONVERSE (New York University College of Medicine, 
New York, N. Y.): One of the difficulties encountered by workers observing 
homotransplanted skin has been the inability to evaluate the survival time of 
the graft. Gross observation is inadequate and microscopic examination as 
practiced by Medawar requires repeated biopsies of the graft. The direct 
observation of the vessels of the transplant by means of a dissecting microscope 
permits pinpointing the time when intravascular thrombosis occurs. the blood 
flow to the grafted tissues ceases and death of the tissues ensues. ‘This tech- 
nique gives us a new tool in skin homograft research. 
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STUDIES ON THE LOCALIZATION OF RADIOACTIVELY LABELED 
SPECIFIC GAMMA GLOBULIN IN SKIN 
HOMOTRANSPLANTATION 


By Mario Gaudino 
New York University College of Medicine, New York, N. Y. 


To test the general hypothesis that an immunological process is involved in 
the rejection of skin homotransplants, an investigation was undertaken to try 
to establish such a mechanism as the possible cause for homograft rejection. 

The problem was first approached by studying the possible existence of anti- 
bodies specific against skin homografts in the circulating blood of rabbits. The 
direct technique of demonstration of specific antibodies against tissues des- 
cribed by Pressman and his co-workers '® was employed with a few modifi- 
fications. 

The general procedure utilized was the following: pairs of genetically dis- 
similar rabbits were cross-homografted in a first operation with standard-size 
skin grafts (6 sq. cm.). Blood samples were obtained at different intervals in 
the period between the 7th and the 19th day following the operation. The 
evolution of the graft was studied daily by microscopic observation of the 
vascular bed, blood flow, and vascular breakdown as described by Taylor and 
Lehrfeld.6 The gamma globulin fraction of the serum obtained from the blood 
samples was separated and iodinated with ['*' using the methods of Pressman 
and Eisen *’ ° with slight modifications. The total nitrogen content of the final 
solution obtained averaged 2 mgm. of protein per ml. The free I'*! content as 
tested by protein precipitation was no greater than 1.5 to 2 per cent of the non- 
precipitated solution. 

After the first set homografts had sloughed off and completely healed, gen- 
erally within three to four weeks, a second experiment was performed in the 
same pair of animals. They were cross-homografted and, as a control, auto- 
grafted. The I'*! labeled specific gamma globulin obtained after implantation 
of the first set grafts was injected intravenously, generally on the same day of 
the operation and, in some experiments, between the 1st and Sth day after 
operation. Gamma globulin obtained from bloods taken on the 7th, 12th, 14th, 
and 19th day after the first set grafting were similarly tested in different experi- 
ments. The autograft and the second set homograft were followed in their 
evolution by direct microscopic observation of the blood vessels. When the 


first signs of vascular breakdown appeared, usually between the 4th and 6th day 
~ after the operation, the following procedure was employed: grafted areas (both 


in the case of the homografts and autografts) were excised, removing at the same 
time 1 cm. of the skin surrounding the grafts and the corresponding subcu- 
taneous tissue, including the cutaneous muscle. A portion of the normal skin 
and normal subcutaneous tissue was removed from a distant area as a second 
control. Tissue samples, so obtained, were separated by pulling apart the 
grafts from the bed and dissecting the bed and subcutaneous tissue from the 
surrounding skin. In the same manner, normal skin was dissected from normal 
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subcutaneous tissue. In total, eight samples of tissues were isolated: normal 
skin, normal subcutaneous tissue, autograft, autograft bed including subcutan- 
eous tissue, skin surrounding the autograft, homograft, homograft bed including 
subcutaneous tissue, and skin surrounding the homograft. Each tissue sample 
was finely minced with sharp scissors and weighed. Blood trapped in the 
tissues was removed by several successive washings with normal saline solu- 
tion until no blood was detected in the supernates at gross inspection. Tis- 
sues were then disintegrated in glass homogenizers with 10 ml. warm 0.1N 
NaOH. The final solution was centrifuged and a 2 ml. sample was dessicated 
in stainless steel planchets and counted with an end window Geiger-Muller 
tube. Simultaneously, the radioactivity of the plasma circulating at the time 
of removal of the tissue samples was measured. 

Fourteen such rabbits were studied for specific localization. In all experi- 
ments, the results were similar. Equal number of counts per gm. of tissue were 
obtained in each of the different samples, indicating no particular localization 
of the labeled gamma globulin. The radioactivity of the plasma removed 
simultaneously was usually 10 to 20 times higher than that of the tissues, 

These findings lead to the conclusion that, with this technique, the postulated 
presence of antibodies against homologous skin grafts cannot be asserted. 

Possible explanations for these negative results are: (1) that antibodies 
against skin homografts are contained in the alpha and beta fractions of the 
serum globulins; (2) that circulating antibodies belonging to the gamma 
globulin fraction of the serum are removed and fixed very rapidly by the homol- 
ogous skin graft and, therefore, are not present in sufficient amount in the cir- 
culating blood after the first operation to be detected; (3) that cellular anti- 
bodies are the cause of rejection of skin homografts and, if an immunological 
mechanism is involved at all, it is similar to the tuberculin type of reaction. 
, Arguing against the first possibility is the fact that, in the gamma globulin 
isolation, a certain amount of alpha and beta globulins are precipitated con- 
comitantly. The second explanation seems unlikely, since no localization was 
detected after injection of labeled gamma globulin extracted from blood samples 
taken after the 12th day following the first grafting. At that time, the first set 
homografts had been completely rejected and could not possibly be binding 
circulating antibody. The third possibility appears, at present, to hold most 
promise. All three hypotheses are or will be under direct investigation in 
pursuit of further clarification of these points. 
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Discussion of the Paper 


Doctor STEVEN P, Macyar (Yale University School of M edicine, New Haven, 
Conn.): I think most of us working with the complex problem of transplantation 
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feel that we have only identified the number of problems involved. We know 
that homotransplants can be considered as a copious source of antigens, that 
immunological response is most probably responsible for the failure of take, elc. 
It is also felt that refined accurate and sensitive methods are needed to separate 


and to quantitate the different processes which are going on simultaneously in 


the host and in the graft, from the minute of transplantation until the take or 
failure. Doctor Gaudino’s approach, using radioiodine labeled globulin, is 
certainly an important contribution toward the aim of quantitating one of the 
processes. We approached the problem of homograft from another point, try- 
ing to quantitate certain processes in the graft itself. 

Ionic thallium, as it is well known, accumulates in the hair follicles. We 
decided to use tracer amounts of radioactive thallium, and to study its uptake 
in normal skin as well as in transplanted skin. Ficure 1 shows the radio- 
autographic picture of the skin made by Doctor Thyresson. Apparently 
thallium accumulated in the hair follicles. The exposed silver granuli represent 
large amounts of radiothallium. In preliminary experiments, young rabbits 
were injected subcutaneously with radiothallium, and skin samples were re- 


64 Annals New York Academy of Sciences 


OO 


RADIOACTIVITY 
(HOMO / AUTOTR.) 


6 
4 
2 
0 


2° 4°16 SIIOD ZEISS DANE 


FIGURE 2 


moved. These results indicated that the maximum in thallium concentration 
of the skin was reached about six hours after the injection. Therefore, in all 
the subsequent experiments, we took the samples away six hours after the radio- 
active thallium injection. 

In the experiments I should like to report now, we used young adult male 
albino rabbits. Pairs of rabbits were crosshomografted with full-thickness 
skin and, in addition, they were also autografted. At different times after this 
process, groups of animals were tested. Radioactive thallium was injected 
subcutaneously and, six hours later, all the homografts and autografts were 
removed and their radioactivity measured. FIGURE 2 shows the results ob- 
tained. The ordinate is the ratio of the radioactivity between the homograft 
and autograft. The abscissa represents the number of days the grafting was 
carried out before the thallium injection. Ample thallium uptake was noted | 
when the grafts were in contact with the host only 24 hours. Interestingly 
enough, all the homografts showed much higher radioactivity content than the 
autografts. 

This increased uptake was consistent up to the seventh day. Then the ratio 
changed, and the autotransplant started to pick up more radioactivity. 

Just looking at the graft, one would assume that the decrease in the radio- 
activity of the homograft is due to antibody response of the host, but the first 
part of the graft is slightly more difficult to explain. 


- 
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| THE ANTIBODY RESPONSE TO SKIN HOMOGRAFTS IN MICE 


ByP. A. Goter 
Department of Pathology, Guy’s Hospital, London, England 


Those engaged in cancer research are often reminded of the debt they owe to 
others working on normal tissues. On this occasion, the situation is reversed. 
The study of iso-immune reactions in mice was begun in an effort to explore 
the possibility of producing anticancer sera. There had long been controversy 
as to whether the destruction of a grafted tumor was attributable to antagonism 
to some antigen peculiar to malignant cells, or whether an isoimmune reaction 
was involved. Today there is general agreement that the latter plays a 
predominant role, although exceptions may occur (see review by Hauschka”), 
Pure strains of mice seemed to afford ideal material for a study of this ques- 
tion. Until recently, the great bulk of serological evidence was obtained with 
neoplasms derived from the A strain of mice inoculated into C57 black mice. 
Almost any strain would have done as well as the latter as a recipient, but the 
choice of the donor strain was very fortunate, since we now know that its 
erythrocytes are particularly sensitive to isoagglutination. An antigen was 
found to be present in the erythrocytes and fixed tissues of the A strain called 
antigen II. In genetic experiments, it was found that compatibility for it 
played a major role in determining the fate of transplants. Incompatibility 
always resulted in rapid regression. In some experiments, compatibility 
guaranteed persistence of the grafts,!° whilst in other cases, further unidentified 
antigens were also involved.*’ 7 
The term “antigen II”? must now be abandoned. Snell and various col- 
leagues have performed a fine series of experiments using the results of tumor 
inoculation as an indicator of antigenic compatibility. It appears that we are 
dealing with a constellation of antigens similar to that found in the human 
Rhesus system. The A strain has two components called D and K by Snell. 
The original antigen II may be ‘“‘D.”” However, it seems better to refer to the 
H-2 complex in future work.'? 
_-Two types of antibody were found originally: a hemagglutinin active in a 
saline medium and an antibody that could inhibit the growth of transplanted 
leukemic cells. The protective action of a serum apparently bore no relation- 
ship to its hemagglutinating activity in Saline cer a we eae 

Shortly after this work was published, work on Rhesus isoimmunization in 
man suggested that the so-called protective antibody might be of the incomplete 
type, inactive in saline media. This suggestion alone was sufficient reason for 
pursuing the matter further, but there were two additional reasons. First, one 
was practically bound to the A strain as a donor. é High titers might occasion- 
ally be obtained with erythrocytes of other strains, but the results were in- 


consistent. Second, the behavior of sera on storage was unpredictable. One 


sample might remain active for several weeks; another, perhaps of higher initial 


titer, might be inactive after 24 hours at — 20° C. mh 
Some of the steps made have already been published.*’ * Here it is necessary 
to stress one point. Methods valuable in one species may be useless in another. 
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Thus, albumin alone, albumin in combination with serum, and trypsinized cells 
are useless in mice. It was extremely difficult to demonstrate an antiglobulin 
test and, as developed at present, the test is far less sensitive than the technique 
to be described below. 

Full details of the latter technique will be published elsewhere. It had al- 
ready been shown that suitably absorbed human sera, used as a vehicle for 
erythrocyte suspension, enabled one to demonstrate partial antibodies in mice.® 
Unfortunately, this demonstration has proved unreliable, and we turned our 
attention to pathological human sera. Samples were taken from patients 
having a large variety of complaints, all of which gave rise to high erythrocyte 
sedimentation rates. Amongst these, it was found that the serum of patients 
afflicted with myelomatosis had extraordinary powers of enhancing hemag- 
glutination by murine iso-antibodies when electrophoretic analysis showed some 
abnormal protein component. Shapiro, Ross, and Moore" studied one such 
component and found that it contained a high proportion of carbohydrate. 

Mikulska and the writer, therefore, turned to a study of various naturally 
occurring mucoproteins and mucopolysaccharides used in conjunction with 
absorbed normal human serum. Several showed some activity, but the best 
results were obtained with pseudomucin from a human ovarian cyst. This 
pseudomucin was first mixed with the human serum, but it was found preferable 
to use the latter as a vehicle for antibody dilution. Pseudomucinous cysts are 
not rare, but they are not standardized articles. Grubb" and Ikin™ had found 
that dextrans could enhance the action of certain antibodies, including Rhesus 
antibodies. Our experience once again stressed the need for caution when 
transferring a method from one species to another. Preparations used by 
Grubb or Ikin agglutinated mouse cells in the absence of antibody. However, 
if the dextran preparation has a mean molecular weight of the order of 100,000 
or less (30,000 has been found effective), and if it has been autoclaved in the 
presence of glucose, it forms an excellent vehicle for dilution of antibody at a 
concentration of 2 per cent. 

We have used the pseudomucin-human serum system and the dextran-human 
serum system in a large number of experiments, using both normal and malig- 
nant tissues from four strains of mice as antigens. All techniques have their 
limitations, and this method is no exception, but we can now obtain titers of 
over 1000 with cells of any strain, and sera have given consistent results after 
many months of storage. 

Our technical range has also been increased by the work of Amos! in evolving 
a method for employing leukocytes for the detection of isoantibodies. This 
technique has enabled us to identify antigens not demonstrable by red-cell 
agglutination. 

Although we have obtained an antibody response to inoculation of blood-free 
organs, our grafts were not orthotopic. The first to demonstrate an antibody 
response to an orthotopic skin graft were Billingham and Sparrow‘ who, with 
great ingenuity, have demonstrated an antibody of the “protective” type 
following homografts in rabbits. 

In the experiments to be described on the antibody response of mice to ortho- 
topic skin homografts, all transplants were done by Billingham and Sparrow, 
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vhilst the serological work was done by Amos, Mikulska, and the present 
rritéer.* 

We used two combinations of donor and recipient, Balb C. skin on C57 
lacks, and A strain skin on C3H. Two types of graft were made, full thick- 
1ess grafts and grafts of pure epidermal cells prepared by the method of Billing- 
1am and Medawar.* 

Following a primary graft, regression is complete by about the 12th day, 
vhilst completion occurs by about the 7th day following secondary transplants. 
[he mice were bled at these times. 

For serological testing, sera of 3 to 5 mice were pooled and the serum stored 
it —20° C. 

TABLE 1 shows the red-cell titers obtained following grafts of Balb C. into 
“57 blacks. It will be noticed that higher titers are obtained with A cells than 
vith those of the donor strain. This result is a reflection of the superior sen- 
itivity of A red cells to iso-agglutination. A similar relationship occurs if this 
{train is similarly compared with C3H or C57 blacks. Following the second 
raft, the titers were significantly raised for the red cells of both strains. 

TABLE 2 shows the results of white-cell agglutination. On storage all sera 
levelop a nonspecific inhibitor that affects the agglutination of white cells to a 
onsiderable extent but has very little effect on red agglutination. Fortunately 
his inhibitor is easily removed by tissue emulsions from the strain supplying 
he sera, the liver being the most convenient organ to use. The serum was ob- 
ained following the second graft, and it will be seen that the titers are rather 
ower than those given by the red cells. In contrast to the red cells, the white 
lls of A-strain mice show no abnormal sensitivity to isoagglutination. 

Tt will be noticed that the white cells of C3H mice were agglutinated, whereas 
heir red cells were not. Absorption tests with both skin and liver (only the 
atter is shown in the table) indicated that at least two antibodies were present. 


TABLE 2 
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We thought at first that one of these antibodies (that acting on the C3H white 
cells) was absent from erythrocytes. Further experience has shown that this 
inference was wrong. With higher titer sera, C3H erythrocytes are ag- 
glutinated. 

TABLE 3 shows the antibody response of C57 mice to pure epidermal grafts 
from Balb C. It will be seen that the red cell titers differ very little from those 
obtained with full thickness grafts, from which it would appear that the dermis 
plays but a minor role, a result in keeping with the observations of Billingham 
and Sparrow on the survival times of such grafts.” 

The results obtained by grafting C3H mice with A skin were not dissimilar 
from those reported above. Two antibodies appeared to be formed, one in 
response to an antigen shared by strains A and Balb C., the other to an antigen 
shared by these two strains and the C57 blacks. Both are apparently present in 
the fixed tissues and erythrocytes. 

Although only two or three antibodies appear to be present in these sera, we 
may be confident that the skins of the various strains differ by a far larger 
number of antigens. Our experience with tumors leads us to believe that the 
H-2 antigens and antibodies dominate the picture, and it is probable that those 
mentioned here belong to this category. In order to study other antigens effec- 
tively, it will be necessary to use animals compatible for H-2 antigens. 

Much remains to be learned about isoimmune reactions, but in contemporary 
arguments far too much weight is often placed upon negative serological find- 
ings. Had I not been so lucky as to begin these studies with the A strain of 
mice it is most improbable that I should have persevered to evolve more effi- 
cient methods of antibody detection. So far as human blood groups are con- 
cerned, the evolution of techniques demanded work by several teams on both 
sides of the Atlantic, and we still await developments for the study of cells other 
than erythrocytes. 

In spite of these technical shortcomings, an antibody response to skin homo- 
transplants has been detected in mice, in rabbits, and in man. The data 
available for the last species is meagre but of sufficient practical importance to 
mention. Doctor A. E. Mourant has given me leave to state that, on two oc- 
casions, he has detected “immune A antibodies.” This type of antibody, 
easily distinguished from the natural antibody, was doubtless formed against 
the A antigens present in the donor’s skin. Our own case concerns a girl who 
had severe burns on the trunk. She received dextran but no blood transfusions. 
Patrick Clarkson gave her autografts and a homograft from her father, Both 
donor and recipient were group A, rh-negative. Prior to grafting, her serum 
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“showed no antibodies against her father’s red cells. Serum taken after the 
homografts had separated gave a positive antiglobulin reaction with her father’s 
red cells. Doctor Mourant is now studying this serum further. 

It seems justifiable to conclude that homografts on females below the meno- 

‘pausal age should be performed only if such grafts are essential to save life. 
Furthermore, if a homograft has been performed, extra care must be exercised 
should a transfusion subsequently be needed. 

It will be seen that if homografts are to be used in clinical practice, the 
question of an antibody response is not entirely academic. One must be able 
to type people so as to minimize the risks just mentioned. It will also be 
desirable to type people in order to prolong the life of the graft, even if some 
clinically useful means of modifying the antibody response is found. 


Summary and Conclusions 


(1) Incomplete antibodies appear to be of great importance in iso-immune 
reactions. The evolution of methods suitable for their detection in mice is 
briefly reviewed. It is emphasized that methods valuable in one species may be 
useless in another. 

(2) In conjunction with Billingham and Sparrow, red and white cell ag- 
glutinins have been demonstrated following skin homografts in mice. 

(3) Following a second graft, regression has been accelerated and the titer of 
antibodies has been found higher than on following a single graft. 

(4) It is probable that the bulk of the antibodies were directed against the 

_H-2 antigens. 

(5) Evidence is presented that skin homografts in man stimulate antibodies 
reacting with human red cells. 

(6) It is pointed out that the clinical use of skin homografts may incur risks 
in subsequent pregnancies or blood transfusions. 
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Discussion of the Paper 


Doctor Ropert D. BARNARD (Research Department, Rystan Company, Inc., 
Mount Vernon, N. Y.): Doctor Gorer’s observation of circulating hemagglutin- 
ative “antibodies” of the incomplete type following tumor homotransplant can 
be significantly related to the report made by Doctors Taylor and Lehrfeld on 
capillary blockage by erythrocyte agglomerates at the periphery of rejected 
homografts. Doctor Gorer’s suggestion about possible future sensitization of 
homograft recipients, based on his comparison of these hemagglutinins with 
those of the “incomplete rhesus type,” is particularly pertinent. Such sen- 
sitization does occur following whole blood or plasma transfusion, which may be 
considered a specialized instance of tissue homografting. Apparently it can 
also occur from pooled gamma globulin and other plasma fraction administra- 
tion, so that not only whole tissue but also noncellular tissue matrix may be 
responsible for eliciting production of these ‘“‘antibodies.”’ 

With regard to the role of hemagglutinins in the general topic under dis- 
cussion, a summary of certain laboratory investigations in progress for the past 
two years might helpfully be introduced at this point. The observations 
attending these investigations may yield some basic principles around wound- 
healing failure in general, or around homograft rejection, which is a specialized 
case of wound-healing failure. The category of nonhealing wounds with which 
we have dealt also comprises particularized cases, in that they are cases in which 
healing may be initiated, promoted, or accelerated by the application of certain 
antihistamines, allantoin, or water-soluble chlorophyll derivatives. As will 
develop, there is a common denominator underlying these seemingly diverse 
“healing” agents; they are all competitive inhibitors of hyaluronidase, and this 
fact furnishes an important link which, along with the next observation, may 
forge a strong chain of theory. 

We have long had direct observational histologic evidence that the species 
of nonhealing with which we were concerned was attended by a certain vaso- 
acclusive phenomenon. This phenomenon occurred in the terminal loops of the 
budding capillaries directioned toward the dermal discontinuity. These loops 
were ostensibly impatent owing to agglomeration of erythrocyte plugs fre- 
quently described as “thrombi,” but actually (and hereby differing from the 
usual instance of “‘thrombosis’’) devoid of a fibrinoid matrix. This erythrocyte 
agglomeration is well known. It has been called “sludging” by the Knisely 
group and “pseudoagglutination” by our group. It is partially reversible, and 
its elucidated mechanism has considerable bearing on the topic under dis- 
cussion; for it appears to be a disorganization of the erythrocyte surface 
with hydrolysis of their cholesterol-lecithitides, so that this surface becomes 

sticky.” Erythrocytes coming passively into contact will remain adher- 
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ent at their edges and the histologic appearance is, therefore, that of a “flat 
coin pattern.” This arrangement is strikingly apparent even in fixed sec- 
tions of cerebral vessels from falciparum malaria autopsy material, but it is 
_ also quite evident at the margins of many decubitus and varicose ulcers. 
__ From perusal of such sections, the conceivable contribution of these plugs 
_ toward circulatory inadequacy of the restitutional margin seems evident. The 
question naturally arises as to its primacy—is it a cause or an effect of the 
healing failure? Actually, the careful observations of Doctors Taylor and 
Lehrfeld of Bellevue, who showed that a comparable erythrocyte agglomeration 
preceded homograft rejection, is strong though not conclusive evidence that it is 
the cause. We shall assume that it is, and see where ancillary observation leads 
the reasoning. 

Since pseudoagglutination is restricted to a certain capillary, we must assume 
that the operative pseudoagglutinin is either locally engendered or pre-existent 
in the circulation and locally released. Obviously (in the case of homografts), 
it cannot be attributable to any peculiarity of the local vascular bed because 
this bed has remained structurally uniform for several days prior to the appear- 
ance of pseudoagglutination. We must, therefore, assume that a new structural 
situation arises (a) to render the intracapillary erythrocytes more suscep- 
tible to pseudoagglutination, (b) to release or engender a pseudoagglutinin 
intravascularly, or (c) for the extravascular elaboration of such a pseudo- 
agglutinin which may diffuse into the lumen and effect erythrocyte clumping. 
Potentialities (a) and (b) may have some immunologic basis for acceptance, 

- but we can profitably review briefly what accords with possibility (c). 

It has been found that all mucinoids, mucopolysaccharides, and glycoproteins 
(both mucoproteins and ‘‘nucleoproteins’’) are erythrocyte agglutinins with 
“blocking antibody’’characteristics. This hematologic term, originally intro- 
duced to explain certain phases of Rh-type agglutination, should be accepted 
very figuratively in present connection because we are depicting a physical, 
rather than a strictly immunologic mechanism. 

Descriptively, a hemagglutinating “blocking antibody” is one that may 
either produce agglutination under certain environmental conditions of di- 
electric constant, while preventing agglutination under other circumstances. 
Phe “blocking” term was ascribed in recognition of the latter phase only, and 
what it means to the physical chemist is potentiality for competitive combination 
with a cell receptor. In this instance, the target cell happens to be the eryth- 
rocyte which, by the agglutination phenomenon, can evince gross manifes- 

~ tation of injury to itself, but there is reason for believing that these pseudo- 
_agglutinative mucopolysaccharides and glycoproteins possess aggressin activity 
against all cells. ar ue 

By quantitative titration, partially depolymerized hyaluronic acid, Menkin’s 
“necrosin,” and exudates from nonhealing varicose ulcers were found to be 

high-titer panhemagglutinins. They were all found to havea parallel degree of 
aggressin activity when tested on rabbit abdominal skin, The addition of vinyl 
metalloporphyrins, such as lithium protoporphyrinate or chlorophyll-derived 
sodium cupridihydroporphyrinate (which have pronounced competitively 
‘inhibitory effect on mucolytic enzymes including hyaluronidase) to the system 


3 Annals New York Academy of Sciences 


markedly curtailed both these aggressin and hemagglutinative effects in all 
‘nstances. It has furthermore emerged that the water-soluble chlorophyll 
derivatives are broadly polyvalent “‘haptene”’ substances which can com- 
petitively inhibit all types of hemagglutination thus far tested, including not | 
only those by type specific and Rh antiserums, but those provoked by the | 
hemagglutinating viruses, Newcastle disease, influenza, and vaccinia as well. 
The fact that actual infectivity by these viruses is concomitantly competitively 
inhibited by chlorophyllin incorporation, interesting in itself, is interpreted by 
us to connote, by the process of exclusion, that the hemagglutinative phenom- 
enon described is a particularized expression of a general cellulotoxic phenom- 
enon operative in nonhealing wounds. Knowing as we do, from independent 
data detailed elsewhere, that the mode of chlorophyllin abrogation of these 
“ageressin” effects is by occupation of cell receptors to the preclusion of that by 
the aggressin, we are, for the first time, in a position to render rational ex- 
planation of the mechanism of action of water-soluble chlorophyllin in stimu- 
lation of wound healing. Such operation is by competitive inhibition of 
aggressin activity developing in all wounds and persisting and conditioning 
certain instances of wound-healing failure. 

Doctor Paul Sack, of Kings Park State Hospital, has initiated a clinical study 
to test this thesis and has graciously permitted citation of his data to date. In 
89 per cent of chronic varicose ulcers, which subsequently began healing after 
application of medicinal water-soluble chlorophyll, an autohemagglutinin for 
the patient’s own erythrocytes was present in the original exudate. These 
exudates all showed ‘“‘necrosin” activity on the intradermal test in rabbits. 
Both “‘necrosin” effect and autohemagglutinative effect were abolished by the 
incorporation of 0.005 per cent water-soluble chlorophyllin. This abolition 
proved to be competitive because removal of chlorophyllin from the test system 
revealed that there had been no inactivation of the necrosinlike substance. As 
wound healing was initiated, however, a sharp drop in both hemagglutinative 
titer and necrosin activity of the exudate occurred and, in progressively healing 
wounds, neither of these phases of aggressin action was demonstrable in the 
absence of chlorophyllin. 

Our own interpretation of the portent of these observations must be rendered 
circumspectly in view of the waiver made of specific immunologic processes 
which undoubtedly will emerge subsequent reports at this conference. We 
cannot anticipate, nor should we desire to anticipate any of the explanations 
that will be proferred, though it has been our own tendency to attempt sim- 
plification of immunologic phenomena in physicochemical terms. The use of 
the term “haptene” for chlorophyllin action is, therefore, perhaps justifiable 
only asa simplification and because, for the first time, it permits an explanation 
of the manner in which these metalloporphyrins do facilitate wound healing. 
We feel that this explanation now has sufficient support to be elaborated as a 
theory which is arrived at by the following premises: 

(1) Certain instances of wound-healing failure are conditioned by capillary 
circulatory inadequacy attributable to erythrocyte pseudoagglutinates. F 
(2) The latter, in turn, form by the pseudoagglutinative action of partially 
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_ depolymerized mucopolysaccharides liberated in the wound through the action 
of mucolytic (hyaluronidaselike) enzymes. 

_ (3) Competitive inhibitors of mucolytic enzymes not only limit the amount of 
_mucopolysaccharide depolymer which can cause pseudohemagglutination but 
actually inhibit the latter by competitive occupation of erythrocyte-surface 
receptors. 

The crucial test of this theory remains in its utility of characterizing those 

- competitive hyaluronidase inhibitors which will, in fact, facilitate wound healing 

or prolong the survival of homografts. Among the competitive hyaluronidase 

inhibitors are the metalloporphyrins: heparin, glucuronolactone, and certain 

antihistamines On the basis of the theory, we must predicate some 

positive effect for all of these compounds. Whether such an effect is forth- 
coming remains to be experimentally determined. 


SOME REMARKS ON THE IMMUNOLOGICAL ASPECTS OF 
HOMOGRAFTS 


By Pierre Grabar 


Institut Pasteur, Paris, France 


Although many observations made in studies on homotransplantation can be | 


explained by an immunological mechanism, few precise and undisputable facts 
have been brought forward to support this hypothesis. It is unnecessary here 
to enter into all the details, but we should like to comment on two particular 
points: 

(1) In order for immunological phenomena to take place, it is necessary that 
the constituents of the graft be antigenic for the “receiver.” The results 
obtained by research on blood groups have shown that even erythrocytes, 
although they are comparatively simple cells, can possess an extraordinary 
variability in the chemical constituition of their components, and we already 
know that the number of variants in blood groups is astounding. Everything 
leads us to believe that if we deal with more complete cells than erythrocytes, 
such as leucocytes, we should observe at least as many and probably more 
variants, and it is likely that these variants would not correspond to blood 
groups. As for other cells, it is difficult at the present stage of our knowledge to 
foresee whether their constituents may possess aS many or more variations than 
those of the leucocytes, or whether, on the contrary, these constituents (espe- 
cially when these cells have a well-delimited physiological function) may be 
identical in all individuals of the same species. Most proteohormones, for 
example, are identical even in larger systematic groupings. 

In discussing antigenicity, we must not lose sight either of the phenomenon of 
“Immunological unresponsiveness,” that is, the lack of formation of antibodies 
when large amounts of an antigen are introduced. But we also know that in 
this case, if small amounts of another antigen are simultaneously introduced, 
the organism can form antibodies for the latter. We must therefore envisage 
also the possibility of formation of antibodies only for a minor constituent of the 
graft. 

(2) Another aspect of the problem is the possibility of detecting antibodies. 
Most writers who have sought to detect antibodies for the constituents of grafts 
by classical reactions (for instance, by the precipitin test) have not obtained 
positive results. But nothing proves a priori that if there is a formation of 
antibodies they must be found in a sufficiently high concentration in the serum 
to produce this reaction. Nor is there anything to prove that they should be of 
the precipitating type. We now know of reactions, such as passive he- 
magglutination or passive cutaneous anaphylaxis, which are a thousand times 


more sensitive and allow the detection of an extremely small quantity of anti- © 


bodies. 


One could foresee one other difficulty: the antigen for which antibodies might 
eventually be formed could be insoluble. In this case, the use of cellular ex- 
tracts for the detection of antibodies would be of no help. 
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And, finally, we must not lose sight of the possibility that the major part of, if 
not all, antibodies in the circulating blood might be absorbed by the graft. To 
avoid this difficulty, it would be preferable to seek the antibodies not in the 
serum, as has been done until now, but in the lymph nodes located nearest to the 


graft, since, according to our present knowledge, the antibodies are first syn- 
thesized in these nodes. 


TISSUE LOCALIZING ANTIBODIES* 


By David Pressman 
The Sloan-Kettering Institute for Cancer Research, New York, Mae 


The transplantation of various tissues from one individual to another is 
complicated by an immune response of the recipient to the transplanted tissues. 
However, cytotoxic antitissue antibodies have rarely been demonstrated in the 
circulation. It may well be that the concentration of the cytotoxic antibodies 
is too low at any one time in the circulation for the antibodies to be demonstra- 
ble by passive transfer. They may still be cytotoxic for the host’s tissue, since 
the host can accumulate cytotoxic amounts of antibody over a period of time. 

Localizing antibodies. 1 believe that, in order for an antibody to be cytotoxic, 
it must come in contact with the cell which it is to affect, i.e. localize on it. 
That antibodies can be formed which will localize in a particular tissue has been 
shown in our laboratory. In the experiments we have carried out we demon- 
strated that localizing antibodies are formed in response to the injection of 
tissue from one species into a second species. This was done by injecting a 
rabbit with mouse or rat tissue, subsequently bleeding the animal, isolating the 
globulin fraction of the serum, and then labeling it with radio iodine! or radio- 
sulfur.2 The antibodies so labeled were injected into the rat or mouse and the 
localization of radioactivity was determined. Since the radioactive atoms are 
attached firmly to the antibody, the localization of radioactivity is an accurate 
measure of the localization of the antibodies. 


The localizing properties of the radioiodinated globulin fraction of an anti- — 


serum prepared in rabbits against rat kidneys are the following: 0.57 per cent of 
the injected radioactivity localizes per gram of kidney; 0.12 per cent per gram of 
liver; and 0.2 per cent per gram of lung, while a control preparation localizes 
only 0.08 per cent, 0.07 per cent and 0.2 per cent respectively. The values are 
on the basis of a rat of 100 gram weight. It can be seen that the antikidney 
preparation localized to the highest concentration in the kidney and to an ap- 
preciable extent in the liver. Radio autographs of sections of the kidneys of 
animals receiving the radiolabeled antikidney serum and control preparations 
show a very high localization of radioactivity in the glomerular tuft from the 
antikidney preparation and none from the control preparation (FIGURE 1). 

In other experiments, we studied antibodies prepared in rabbits against rat 
lung,’ rat aorta,’ rat spleen,* rat lymph node,® rat Murphy lymphosarcoma,® 
mouse kidney,’ and the mouse Wagner osteogenic sarcoma.’ In all of these 
antisera, we found antibodies capable of localizing in liver and kidney, indicating 
that these organs have components in common with the tissue used for antibody 
production. In the case of antisera against certain tissues however, i.e. lung, 
Murphy lymphosarcoma, and Wagner osteogenic sarcoma, antibodies capable 
of localizing in the homologous tissues were demonstrated, while such antibodies 
were not present in antisera prepared against liver or kidney. 


* This research was aided by grants from the Office of Naval Research 


Commission, and the American Cancer Society. United States Navy, the Atomic Energy 
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FicurE 1. Radioautographs showing the glomerular localization of radioactivity from radiosulfur labeled 
antimouse-kidney serum (A) as compared with that from antiovalbumin serum (B). The sections were stained 
while still in position on the radiographic plate. The intense darkening in the region of the glomerular tuft in 
(A) is due 3 localized radioantibody. (Reproduced from Pressman ef al.? by permission of the Journal of Im- 
munology. 


Although antisera prepared against a whole tissue contain a variety of anti- 
bodies which can localize in several tissues, the antibodies which localize in a partic- 


- ular tissue have a specific preference for that tissue. This preference is shown 


by the following procedure:*:'° a rat is injected with radiolabeled antitissue 
antibody and subsequently perfused.. The tissues are then homogenized 
separately, and the antibody is eluted at pH 10-11 in the cold. When these 
eluates are injected back into recipient animals they show localization proper- 
ties which depend on the tissue in which they had localized initially. 


___- Antibodies which localize preferentially in individual tissues can also be sepa- 


rated in vitro by specific absorption methods.* Antikidney antiserum can be 


_ fractionated by treating it with the insoluble part of kidney tissue, washing the 


4 


sediment and then heating it in borate buffer (pH8) to 60°C. The antibody 
which is thus eluted favors localization in the kidney. Purifying the same anti- 


_serum with the insoluble part of liver tissue yields an antibody favoring localiza- 


ion in the liver. This experiment demonstrates that the liver localizing antibody 
and kidney localizing antibody in the antikidney serum have different speci- 
ficities and can be separated. 

A similar experiment with antilung antiserum purification with kidney tissue 
and with liver tissue did not yield the lung localizing activity. Lung localizing 
activity, however, was purified by the lung tissue itself. 

Different components of an organ purify different antibodies. Thus, whole 
lung can be separated into two fractions, one of which purifies kidney localizing 
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activity preferentially, while the other purifies lung localizing activity pref- 
erentially.’ This cellular material which passed through purifies lung localiz- 
ing activity while the large blood vessels and the connective tissue left behind 
purify the kidney localizing antibodies. 

Nonlocalizing antibodies. Since an organ contains many substances capable 
of inducing antibody formation, antibodies against all these various substances | 
are formed, However, all of these antibodies are localizing antibodies. Thus, | 
when a rabbit is injected with whole rat kidney tissue, antibodies are formed | 
against all various components of kidney tissue. If the soluble part of a kidney | 
homogenate is added to the antiserum a precipitate forms. However, little of | 
the kidney localizing activity is removed by this precipitation. The localizing | 
antibodies can be removed, however, by absorption with the insoluble part of | 
kidney tissue homogenate." The components of a tissue which are responsible 
for the formation of those nonlocalizing antibodies are probably the soluble 
intracellular components of the tissue. The antibodies against these are not 
localizing antibodies since these antibody molecules apparently cannot get 
through the cell membranes rapidly enough to combine to a large extent witb | 
antigens against which they were formed and which are inside the cell. 

In this connection, it is important to mention the work of Hill and Cruick- 
shank. These investigators used fluorescein labeled antitissues antisera as 
histological stains to stain sections of tissues. By using antiserum prepared | 
against whole kidney, they obtained antibodies which would stain the cytoplasm 
of the tubule cells as well as other structures of the kidney section. In their 
experiments, however, the sectioning process cut through the cells exposing the 
cellular content to the action of the antiserum. In our experiments, the cells 
remain intact since we carry out our experiments iz vivo. 

An organ may give rise to antibodies which can not localize in the homologous 
tissue even though they do localize in other tissues. For example, antibodies 
prepared against lung tissue localize well in the kidney. When these kidney 
localizing antibodies are purified by absorption and subsequent elution from 
kidney tissue, however, they do not localize in the lung. Moreover, antibodies 
prepared against the kidney do not localize very well in the lung. These 
phenomena show that lung tissue contains an antigen very closely related to or 
identical with the antigen responsible for the localization of antibodies in the 
kidney since it gives rise to such kidney localizing antibodies. However, it 
must be that these antigens in the lung are not situated in situ so that they 
can readily combine with their antibodies. 

The microscopic site of localization. We know from radioautography that 
localization in the kidney takes place in the glomerular tuft.2 We have also 
found the rate of localization in the kidney is very high. The kidney removes 
localizing antibodies from the blood stream as fast as the blood passes through 
the kidney. Because of the rapidity of localization, we believe that the dep- ~ 
osition must take place on some structure in which there is a very extensive | 
and complete contact between the blood stream and the antigen responsible for 
the localization. Such contact probably obtains only between the blood stream 
and the vascular bed of the organ in which specific localization takes place. 
That different organs preferentially removed different antibodies indicates that 


| 
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: used to describe the blood vessels and cells which are in the immediate vicinity. 


Cytotoxic versus localizing antibodies. That localizing antibodies are cyto- 


} toxic in certain cases is indicated by the parallelism between the properties of 
_ localizing antibodies and nephrotoxic factors as reported by Smadel! and by 
Solomon ¢é al.!° and by Krackower ef al.'!® Thus, absorption with kidney tissue 
_ or glomeruli removed localizing and cytotoxic activity. Cole e¢ al.” have shown 
that a trypsin digest of kidney tissue inactivates the nephrotoxic factor of anti- 
kidney serum, and Doctor Yagi in my laboratory has shown that such a digest 
neutralizes kidney localizing activity.’ Doctor Yagi has purified the antigen 
or hapten further by digestion with ribonuclease and desoxyribonuclease. This 
treatment removes nucleic acids without destroying the ability of the remaining 
material to neutralize localizing antibody. Doctor Beatrice Seegal"® assayed 
such neutralized antikidney sera in vivo and found that they had also lost neph- 
rotoxic activity. This adds to the evidence that the cytotoxic antibodies are 
localizing antibodies. 


Conclusion. ‘The study of localizing antibodies offers a clue as to what may 


happen to antibodies formed during tissue transplantation. In the past, cir- 
culating cytotoxic antibodies have not been demonstrated. The reason for this, 
as pointed out earlier, may be that the antibodies are at too low a concentration 


to 
in 


be demonstrated, but they may have accumulated in appreciable quantities 
the affected tissue. Indeed, they may be removed as rapidly as formed. If 


this is the case, then the place to look for them would be in the tissue in question. 


It 


may be possible to demonstrate the presence of antibodies which have 


localized in a particular tissue by eluting them, radiolabeling them, and in- 
jecting them into a recipient for assay. 


Wow Ne 
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Discussion of the Paper 


Docror N. A. Mircutson (Roscoe B. Jackson Memorial Laboratory, Bar 


: : i he use of radioactive tracers in 
Harbor, Me.): Doctor Pressman’s technique for the u 
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the demonstration of antibody would seem to be a fine tool not only in work on 
organ-specific antisera, but also, as Doctor Pressman points out, in studies of the 
homograft reaction. There is some doubt in my mind, however, about the 
conclusions to be drawn from these experiments. If a tissue or homograft 
localizing antibody is demonstrated, can we conclude that the antibody is 
biologically effective? In particular, can we draw conclusions about the rel- 
ative roles of serum antibody and of immune leucocytes? 

In the field of autoimmunity, I have in mind the conclusions which Freund 
and Lipton draw from their work on transfer of allergic encephalomyelitis in 
parabiosis, and the unpublished experiments of Chase and his colleagues, which 
they quote on the passive transfer of encephalomyelitis skin sensitivity by 
leucocytes from an immune donor. 

In the field of isoimmunity, cytotoxins effective in vitro against tumors have 
long been known through the work of Lumsden and Gorer. In the Jackson 
Laboratory, we have been able to demonstrate serum antibody in isoimmune 
mice, as cytotoxin by certain modifications of Gorer’s technique, and as 
hemagglutinin by Gorer’s dextran technique in collaboration with Doctor 
Hoecker. We have also obtained passive transfer of isoimmunity with lymph 
node grafts from immune donors in a variety of tumor-host combinations. 
Several reasons can be found for considering the serum antibodies as less 
important than might at first be supposed. Power of lymph nodes to confer 
immunity is synchronized accurately with graft breakdown, but serum antibody 
is in our experiments less accurately timed. But of greater interest is the total © 
failure of attempts at passive transfer of immunity by serum, either while the 
lymph nodes of the donor have the power to confer immunity, or later, even 
though serum cytotoxin can be demonstrated by its im vitro action. With mas- 
sive doses of cytotoxic sera, indeed, enhancement of growth of the homograft is 
obtained in some host-tumor combinations. In further experiments, we have 
been able to show that detectable titers of serum antibody are neither necessary 
nor sufficient for homograft breakdown. Following implantation of lymph 
node grafts from an immune donor, mice were rendered immune, although 
serum antibody could not be detected. Following inoculation of lyophilized 
tissue according to a procedure of the Jackson Laboratory group, we have 
found enhanced tumor growth in nonsusceptible mice whose blood contains 
hemagglutinin against the line of origin of the tumor. Furthermore during 
growth of the tumor in these enhanced animals hemagglutinins are developed in 
quite unusually high titers. 

For these reasons, it is to be hoped that Doctor Pressman will be able even- 
tually to extend his technique to a study of the localization of leucocytes as well 
as serum from immune donors. 


Part II]. Methods of Modifying the Host Response 


EFFECT OF SKIN EXTRACTS ON THE VIABILITY OF 
HOMOLOGOUS SKIN GRAFTS IN MICE* 


By Creighton A. Hardin and Alvar A. Werdert 


Departments of Surgery and Microbiology, U niversily of Kansas School of Medicine, 
Kansas City, Kans. 


The purpose of these experiments is an attempt to prolong the survival of 
homografted skin on heterozygous CFW mice which had received subcutaneous 
injections of homologous skin extracts. 

Rohde,' Allen,® and Billingham, and Medawar* have reported on skin extracts 
prepared from homologous skin in animals of various species in an attempt to 
prolong the life of transplanted homografts. The results are reported with 
divergent success. 

Rhodes’s' work on the survival of homografts influenced by skin extract 
injections is not described in sufficient detail to warrant critical analysis. Allen 
and associates” have reported that the survival time of homografts in rabbits 
was extended 16 days by “‘desensitization” of the recipient with specific donor 
antigen. It should be noted that these workers used phenol as a preservative 
in the preparation of the skin extracts. Billingham and Medawar’ rein- 
vestigated the above report and showed that “the lifetime of skin homografts 
transplanted to rabbits may be prolonged by the injection of a weak solution of 
phenol in saline. This prolongation of life is probably due to a nonspecific re- 
action to stress.” These workers were unable to prolong the survival of skin 
homografts by the injection of phenol-free donor skin extracts into the recipient 
rabbits. 


Methods 


In this series of experiments, each of 262 mice received a single skin homo- 
graft. The transplants were of full thickness, weighed 150 mgm., and had an 
area of about 1 sq. cm. These six-week-old heterozygous mice weighed on the 

_average 20 gm. Our standard method of procuring and fixation of the graft is 
as reported elsewhere. Varying amounts of skin extracts were injected sub- 
cutaneously in the groin of animals in 1, 3, 7, or 14 daily doses. A crude 
extract was prepared from the skin of 24 randomly selected CFW mice. The 
skin was shaved, removed in a full thickness layer by sharp dissection from the 
subcutaneous layer of fat and then finely minced with scissors at 4° C. Further 
~ extraction was done with mortar and pestle. Glass wool was used as an abras- 
ive, and saline as a diluent. The suspension was then cleared of large particu- 
late material by centrifugation for 20 minutes at 1,500 rpm. and stored at -35° C, 
An extract derived from New Zealand white rabbits was prepared in a similar 
manner. There was no similarity between the source of skin used as a homo- 
ee ee ec ceiicheineevee © 

t With the technical assistance of Betty Hopkins, Marvin Liggett, Wilford Hoofer, and Dale Anderson. 


381 


382 Annals New York Academy of Sciences 


graft or the skin prepared as an extract for injection. The criteria for deter- 
mining the permanency of a graft is as stated in a previous paper.° 


Results 


Effect of a single subcutaneous injection of skin extracts on the viability of homo- 
grafted skin on CFW mice (see TABLE 1). A control series of 20 CFW mice 
received 0.2 cc. of a1/20 dilution (0.01 gram equivalents) of rabbit skin extract 
on the same day of the skin transplant. None of these homografts survived 
beyond 10 days. When a series of 56 homografted mice received from 0.1 to 
1.0 cc. of a 1/20 dilution of homologous mouse skin extract on the day of trans- 
plantation, 32 grafts were viable and remained so after six months. A series 
of 37 homografted mice received 0.2 cc. of a 1/2000 or 1/20,000 dilution of 
mouse skin extract on the day of transplantation and none these grafts survived 
beyond 10 days. 

Effect of multiple subcutaneous injections of skin extracts on the viability of 
homografted skin on CFW mice (see TABLE 1). Sixty-nine mice received 0.2 cc. 
of a 1/20 dilution of mouse skin extract prior to being homografted. These in- 
jections were given daily for intervals of 3 days, 7 days, or 14 days. On the day 
of the last injection, the mouse received a homograft. Forty-nine of these 
homografts have remained viable during an observation period of six months. 

In another series of experiments, 80 mice were homografted, and on the day 
of transplantation they received the first of 3, 7, or 14 daily injections of homol- 
ogous skin extract. The same amount of skin extract was injected as in the 
above group. Forty-three of these skin grafts are still viable at the end of six 
months. 


Discussion 


In a previous study of 201 homologous skin grafts transplanted consecutively 
to CFW mice, we were able to demonstrate permanent viability in 15 per cent of 
grafts. The time interval between the subsequent grafts was extremely 


TABLE 1 


EFFECTS OF SUBCUTANEOUS INJECTIONS OF SKIN EXTRACT ON THE VIABILITY OF 
HOoMOGRAFTED SKIN ON CFW Micr* 


Dilution No. of 5 Per 
Amount . ; Time of S f f No. of 
injected pe een oe meetin SE ee aaatie Sib 
gratts grafts 
O22 "ce: 1/20 1 Day of grafting | New Zealand 20 0) 0 
white rabbits 
On2ices sen/2,.000 1 Do CFW Mice 18 0 0 
0.2 cc. |1/20,000 1 Do Do 19 0 0 
O5L 022720 1 Do D 
aes te) 56 32 57 
0.2 cc. 1/20 |3, 7, 14) Before  graft- Do 69 49 Fal 
ingt 
Of2ice: /AD Sh ig tet After grafting Do 80 43 54 


* Minimum observation period of 150 days 
+ Skin grafted on day of last injection 
t Skin grafted on day of first injection 
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important. Although these viable homografts have been observed from 5 to 10 
months they are being preserved for a follow-up period for as long as the animals 
will live. 

We postulated that the immune mechanism was temporarily and, in some 
_ Instances, permanently paralyzed by the repeated application of consecutive 
full thickness homografts. In the present study, we introduced the skin 
antigen subcutaneously after it was prepared as an extract. Since viable 
homografts were obtained by the application of consecutive skin transplants it 
seemed logical that the introduction of homogenized skin extracts might pro- 
duce a similar phenomenon. 

A single subcutaneous injection of skin extract, given on the day of trans- 
plantation and varying from 0.005 to 0.05 gm. equivalents, resulted in per- 
manent viability in 57 per cent of the grafts. However, when the amount of 
skin extract ranged from 0.00005 to 0.000005 gm. equivalents, none of the 
grafts survived beyond 10 days. It would be interesting to have allowed a 
longer period of time to elapse between the injection of the skin extract 
and the application of the homograft. The injection of 0.05 gm. equiva- 
lents of skin extract given 3, 7, or 14 days before or after the transplantation of 
the skin grafts resulted in permanent survival. In the series of mice in- 
jected before grafting, 71 per cent of the grafts survived, while 54 per cent of 
the grafts survived in the series injected after the time of transplantation. 

Ina control group injected on the day of transplantation with the skin extract 
prepared from New Zealand white rabbits, none of the homografts survived 
beyond 10 days. The results obtained from the injection of skin extracts into 
mice receiving homografts are not considered by us to be due to a process of 
“desensitization” but rather one of “immunoparalysis.’’*»” 


Conclusion 


The subcutaneous injection of homologous skin extracts in the stated doses, 
given before, after, or on the day of transplantation, resulted in permanent 
viability in the majority of the homologous skin transplants. 

It is postulated that the application of consecutive homologous skin grafts* or 

_the injection of homologous skin extracts influences the immune mechanism in 
such a manner as to result in permanent viability of the homograft. 
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Discussion of the Paper 


Docror JuLes Freunp (Public Health Research I nstitute of the City of N ew 
Vork, New York, N. Y.): Doctor Hardin and his associates report that in- 
jections of extracts of homologous skin increase the chances of successful dermal 
homotransplants in the mouse. Injections of rabbit skin extract or very highly 
diluted extract from murine skin are without effect. Doctor Hardin suggests 
that their interesting observation may be viewed as immunoparalysis. This 
hypothesis is in line with their findings, namely, high dilutions of homologous 
extracts and heterologous (rabbit) extracts are ineffective. It is also in harmony 
with the interpretation in a general way of the well-known experiment of Meda- 
war on repeated homotransplants of rabbit skin. Medawar found that on re- 
peating homotransplants the second transplant is rejected faster than the first 
one, suggesting an immune response, namely, specific sensitization. 

If one accepts this explanation of Medawar’s experiment, one may assume 
that homologous skin extract in the mouse may induce immunity or sen- 
sitization or desensitization or immunoparalysis. There is, however, little 
evidence to support these assumptions, particularly the last one. One would 
have to show that the homologous skin extract contains an antigen for the mouse 
and that it contains it in great excess over and above the immunizing dose. For 
when immunoparalysis has been shown to occur, for example, immunizing mice 
against pneumococcal polysaccharide, the antigen had to be in very great excess 
over the dose which produced an immune response. _ If the observation reported 
by Doctor Hardin is the expression of an immune process, it might be analogous 
to the inhibition of sensitization demonstrated by Sulzberger with reference to 
arsphenamine and by Chase with respect to certain simple chemical compounds. 
Sulzberger! was able to prevent skin sensitization to arsphenamine by a single 
intravascular injection of this drug; whereas Chase? found that feeding of 2:4 
dinitrochlorobenzene in olive oil inhibited the capacity of guinea pigs to 
subsequent specific sensitization of the skin. 
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INDUCED ALTERATION OF THE NORMAL HOST-GRAFT 
RELATIONSHIPS IN HOMOTRANSPLANTATION OF MOUSE 
TUMORS* 


By Nathan Kaliss 


Roscoe B. Jackson Memorial Laboratory, Bar H. arbor, Me. 


A variety of methods has been used to depress the host’s natural immunity to 
grafts of “foreign” tissues, both normal and cancerous. An excellent review of 
the subject will be found in a paper by Toolan.! I shall direct my attention to 
the results of an experimental technique which we have been employing in 
mice and which has been described in the literature by other workers,2-° as well 
as by ourselves.'°!° We propose to call our procedure “conditioning the host.” 
Billingham, Brent, and Medawar'® use the term “actively acquired tolerance” 
for a phenomenon which appears to involve the same biological processes that 
we are investigating. 

A major portion of the new findings to be reported today is attributable to the 
collaborative efforts of my colleagues, Doctors P. R. F. Borges and Eugene D. 
Day, and myself. 

Our experimental procedure, in outline, is as follows. The hosts and donors 
are mice of inbred strains which are genetically unrelated. Thus, transplant- 
able tumors indigenous to the donor strain generally fail to survive in the un- 
related host. The age range of the animals is usually two to four months at the 
start of an experiment. In conditioning the host, the donor tissues are injected 
intraperitoneally prior to inoculation of the tumor homograft. The tissues may 
be administered as homogenates, either of lyophilized normal or cancerous 
tissues !°: ?- or fresh normal tissues (including serum), !: ">! or as the supernates 
of tissue homogenates (normal or cancerous) which have been centrifuged at an 
RCFE of about 11,000 X g (the latter type of preparation is one that we have 
been using chiefly in our more recent work). A bit of live tumor is then in- 
oculated subcutaneously by trocar in the interscapular region. The course of 
growth of the implant is followed by periodic palpation until the animals either 


_die with a progressively growing tumor or have had no indication of a graft for 


a consecutive period of at least two months. 

A brief summary follows of our findings, and those of other workers, as 
previously reported in the literature. In general, the best results, in terms of 
successful survival of the tumor homograft, is obtained when the tissues used 


_for pretreatment are either identical tumor tissue or normal tissue from mice of 
- the inbred strain to which the test tumor is indigenous. There is thus a certain 


degree of inbred strain specificity,®, 7!’ and there appears to be a complete 
species specificity. 2! The abrogation of host resistance also can be effected 
by the prior injection of antisera to mouse tissues produced in rabbits or in 


mpice”7. 1 
In certain selected cases, where the homografts normally grow in about 50 
* Supported in part by grants-in-aid from the American Cancer Society, upon recommendation of the Com- 


mittee on Growth of the National Research Council, and in part by research grants from the National Cancer 
Institute, National Institutes of Health, United States Public Health Service. 
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per cent of the untreated hosts, a dosage effect is demonstrable, in that low 
doses of the tissue homogenate produce an immunity, 2.€., fewer than 50 per 
cent of the pretreated hosts dying with tumors, while large doses induce a loss of 
resistance, 7.e., more than 50 per cent of the hosts dying with tumors." 

Attempts by us to use similar techniques to influence the survival of normal 
tissue homografts in mice, specifically skin, spleen, and embryo mince,” have 
given inconclusive results. There was no positive effect for skin grafts, and the 
results with spleen and embryo mince were equivocal. 

At this point, I wish to present some of our recent unpublished more general 
findings on the physical and chemical characteristics of the effective agents in 
the tissues used for pretreatment. Tumor supernate has retained its activity 
after having been kept frozen for as long as eight months (at approximately 
—26° C). Similarly, frozen antiserum has retained its activity for eight and one 
half months. Supernate can repeatedly be frozen and thawed without apparent 
loss of activity. 

The material is fully stable when subjected to a temperature of 50° C for one 
hour. At higher temperatures, there is a falling off of activity, with complete 
inactivation above 80°C. Filtrates of tumor supernate, filtered through an 
ultrafine fritted glass disc, exhibit a partial loss of activity. Normal serum 
similarly filtered or passed through a No. 02 Selas porcelain filter appears to re- 
tain full activity. When the serum is passed through a Berkefeld N filter, there is 
a partial loss of activity. Activity is retained in tumor supernate treated with 
acetone (acetone powders), or digested with trypsin, ribonuclease, desoxy- 
ribonuclease, and beta-amylase. Activity is destroyed by treatment with an 
as-yet-uncharacterized material found in a crude commercial preparation of 
alpha-amylase. 

Supernate retains its activity when centrifuged for 30 minutes at approxi- 
mately 25° C., at 25,000 X g. Activity is retained in material dialyzed against 
distilled water for 48 hours at 4° C. Charcoal does not remove the activity 
from supernate, but Lloyd’s reagent (siliceous adsorbent) will remove it com- 
pletely. In general, the indications are that we are dealing with a water- 
soluble material which, in tissues at least, may be a part of, or associated with, 
proteins or other high-molecular-weight substances. 

Such is the background of the data for the experiments which we are to report 
today. These experiments are directed to a further elucidation of the nature of 
the induced alterations in the reactions between host and tumor homograft. 
Specifically, the following questions were investigated: 

(1) What is the necessary temporal relationship between the conditioning 
procedure and the grafting of live tumor, for survival of the homograft? 

(2) What is the effect of a “nonspecific” stressor, such as cortisone, on our 
conditioning procedure? 

(3) What are the histological characteristics of the tumor bed in the con- 
ditioned host as compared with the untreated animal? 

The mice used as hosts were either from the C57BL/6Ks or C57BR/aSn 
strains. For brevity, we shall hereafter refer to the former as black and the 
latter as brown mice. The test tumor was Sarcoma I, which is indigenous to 
the A strain®*® and has been carried by routine transplantation at the Jackson 


“Se SA aha a 


Kaliss: Alteration of Host-Graft Relationships 387 


TABLE 1 


RELATIONSHIP BETWEEN TIME OF CONDITIONING OF THE Host AND THE SURVIVAL OF 
Tumor Homocrarts* 


SREY of tadtior susicnate Number of mice dying with progressively growing tumorst 
and grafting of tumor** 
C57BL/6Ks hosts C57BR/aSn hosts 
Days before grafting 
7 10/11 6/10 
5 6/11 3/9 
5) 5/11 5/10 
1 6/11 15/20t 
0) — 2/10 
Days after grafting 
1 0/11 3/19f 
4 0/11 0/9 
7 0/11 0/10 


i Live Sarcoma I (indigenous to A strain mice) inoculated subcutaneously by trocar. 
a umor supernate, derived from homogenate of Sarcoma I, administered as a single intraperitoneal injec- 
ion. 

+ Numerators are the numbers dying; denominators are the total number of mice in each group. 

¢ Data from two experiments. 


Laboratory since 1948. It is lethal to 100 per cent of strain A mice, and sur- 
vives very rarely in the black or brown mouse. 

(1) The necessary temporal relation between time of conditioning and grafting 
of tumor. Grafts of Sarcoma I will survive and grow slightly in the untreated 
black or brown host for as long as 10 to 15 days, and occasionally even longer, 
before they finally regress. Their viability during this pericd has been estab- 
lished by excising the graft areas from the host and reimplanting them into 
animals of the indigenous A strain. Could the host be conditioned within the 
survival period of the graft to permit full growth of the tumor? TasBLe 1 
shows the data of our experiments. It is evident that the normal defensive 
reactions of the host are altered_only if the animal is treated prior to tumor 
grafting and possibly, in the brown host, at the most one day after grafting. 
The effects of pretreatment also persist for a long period of time. A proportion 
of black mice inoculated as long as eight months after treament is showing 


“positive growth of the tumor homografts. There is, however, a falling off of the 


4 


effect in terms of the number of animals with positive growths. The grafts did 
not survive in untreated mice of comparable age. 

It is of interest that antiserum to Sarcoma I (produced in black mice), when 
injected into previously untreated black mice in two doses of 1 ml. each, the 


first injection being given on the day before and the second on the same day as 


tumor grafting, also led to a loss of resistance in the mouse to the homografts. 
(2) The effect of pretreatment of the host with tissue homogenate and cortisone 


3 on tumor homograft survival. It has been extensively reported that cortisone 


depresses the inflammatory response”? ** and inhibits the synthesis of anti- 
body.2° It was therefore of interest to us to see whether administration of 
this hormone would alter the effects of our conditioning technique since the 
latter procedure exhibits a strain and species specificity. 

The experiment to be detailed is still in progress at this time, but the results 
are sufficiently definitive to be reported. 
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TABLE 2 
PROTOCOL OF INJECTIONS OF CORTISONE AND TUMOR SUPERNATE* 


Substance injected Total per mouse} Amt. per inj. hes Injection schedule 
SORUISOMG/ saeiae ae ey 3.4 mgm. 0.5 mgm + Daily except Saturdays and 
0.1 mgm 6 Sundays 
0.2 mgm 4 
[Tumor supernate..... 2.0 ml. 0.5 ml. 4 Twice weekly 
“full strength” f.... 
Diharedll sO Genes: 2.0 ml. 0.5 ml. 4 
Diluted 1:100f..... 2.0 ml. 0.5 ml. 4 
Diluted 1:1000f....| 2.0 ml. 0.5 ml. 4 


ae 


* Live Sarcoma I inoculated subcutaneously one week after the last injection of tumor supernate. 

** Cortisone injections started same day as the first injection of supernate, and ended on day of grafting of 
ive tumor. 

+ Tumor supernate prepared at an RCF of 11,000 X g. from a homogenate containing equal amounts (by 
weight) of frozen Sarcoma | and sterile 0.85 per cent NaCl. This is the so-called “full strength” supernate and is 
sstimated to contain approximately 35 mgm. dry weight of material per ml. 

¢ “Full strength” supernate diluted with sterile 0.85 per cent NaCl in proportions shown. 


Black mice were used as hosts. These mice were 10 to 16 weeks old at the 
start of the experiment, and were about equally divided by sex. To prevent 
loss of mice by the flare-up of possible latent infections, terramycin “Poultry 
Formula,’’* 1 per cent by weight in the drinking water, was given all animals for 
one week before the start of the experiment. Pretreatment by intraperitoneal 
injection was carried out with tumor supernate that had been centrifuged at 
11,000 X g. This was diluted with sterile 0.85 per cent NaCl, as shown in 
TABLE 3. Cortisone,t diluted with 0.9 per cent benzyl alcohol in saline, was 
administered subcutaneously. The protocol of injections is given in TABLE 2, 
and the data in TABLE 3. 

The data of TaBLe 3 show the following. In the cortisone-treated groups 
there is marked inhibition of tumor graft growth, particularly in the males. 
This is evident for the groups receiving tumor supernate in dilutions down to 
1:100. Ata dilution of 1:1000, there is an apparent reversal of effect (which is 
more noticeable in the females) in that there was a distinctly more marked 
growth of the grafts before regression in the cortisone-treated group, with full 
survival of the grafts in three of ten females. In the mice treated with cortisone 
alone, there was again a more marked growth of the grafts before regression, as 
compared with the animals that received no treatment at all. 

The sex difference as regards growth of the homografts has been observed by 
us quite frequently in a number of previous experiments in which mice did not 
receive cortisone. However, in these cases the homografts grew definitely 
better in the males, both with respect to rate of growth and the number of 
surviving grafts. 

(3) The histological characteristics of the tumor bed in the conditioned and 
untreated host. The following is a preliminary study of the tumor bed of homo- 
grafts of Sarcoma I in black and brown hosts. Tumor was inoculated sub- 
cutaneously by trocar in the interscapular region. The hosts prior to tumor 
grafting, had received intraperitoneal injections of either identical tumor super- 
nate or freeze-dried guinea pig kidney, or were untreated. At regular time 


* Supplied through the generosity of Chas, Pfizer «& Co. 
{ Cortisone acetate, generously supplied by Merck «& Co. 
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TABLE 3 
_ Tue Errect or PRETREATMENT OF CS7BL/6Ks Mice wita Tumor SUPERNATE AND 
CoRTISONE ON THE GRowrH oF Homocrarts of A STRAIN A TUMOR 
(Sarcoma 1) 


————=—— 


Number of mice dying with 


Brietincinecicde progressively growing tumorst 
Males Females 
Supernate “full strength” + cortisone................ 7/10 10/10 
Supermace-- full strengths... lcs cece ce daewes 10/10 10/10 
Upermacen IQ! COrtisONe. «js. .acsc eve oeces wees ve 1/10 7/10 
‘SUEIDIGT RINGS (EIU ORs © Stee toc a eae ee i 10/10 8/10 
Supernate ds 100) =-.Cortisone a. . nic. locas ceca cee cus 1/10 2/10 
“Srey STATENS AO eer, a es eee 7/10 6/10 
Supermate i: 1000 -- cortisone... .........:..cseeeeces 0/10t 3/10t 
Brera Le will (M) (er emer nn Ne ee Airy, oe onc lye cvcnt die. See, 0/9t 1/10f 
OS SOS > hab 3 od GSE ee 0/5 0/4 
SOY, Ss Poe 8 One ge es eee 0/5 0/4 


* See TABLE 2 for protocol of injections. 

{ Numerators are the numbers of mice dying with progressively growing tumor grafts; denominators are the 
total number of mice in the group. 

t In the groups treated with cortisone and tumor supernate (1:1000) there was a much more marked growth 
of the tumor graft before regression (in both males and females), as compared with the groups receiving tumor 
supernate (1:1000) alone. 


intervals after grafting, the animals were sacrificied and the tumor graft area 
-was excised and fixed for histological study. The following general points 


were established. 


” 


In all the hosts (conditioned or not) there was an initial acute inflammatory 
reaction to the tumor homograft with hyperemia, edema, and leukocytic 
infiltration, granulocytes being present in a fairly large proportion of cases. 
Fibroblastic and histiocytic reactions were very slight in the beginning. In 
time, the acute inflammatory reaction subsided, giving place to progressive 
phenomena, exemplified by fibroblastic activity and formation of new blood 
~apillaries leading to vascularization of the implant. Lymphocytes, mono- 
cytes, and plasma cells were found infiltrating the area, but their number 
seemed to be secondary in importance to the fibroblastic and_ histiocytic 
reactions. Granulocytes, mainly neutrophils, appeared to accumulate around 
areas of necrobiosis. This sequence of events was found in mice of all the 
“groups. 

With time, the differences in the tissue and cell reactions between a tumor that 


_ was destined to regress and one that would grow progressively became sharper 


and sharper. In the regressing tumor, the areas of necrobiosis were more 
extensive. Intense fibroblastic and angioblastic reactions, later leading to 
dense fibrosis, were a frequent finding. The leukocytic infiltration, which was 
comparatively mild, was made up of various cell types. The final stage in 
regression was represented by complete fibrosis of the inoculum and a mild 


' jeukocytic infiltration of the area (mainly lymphocytes) forming small peri- 


vascular foci. 
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The later reactions around a tumor which was growing progressively were 
less conspicuous as a rule, or practically absent. As growth progressed, the 
tumors showed increasingly large areas of necrobiosis with granulocytic and 
round-cell infiltration. Older necrobiotic areas were eventually surrounded by — 
dense connective tissue. 

In conclusion, our previously reported data and the new findings presented 
today establish the following generalizations about the nature of the condi- 
tioning procedure: 

(1) It is specific in the same sense that antigen-antibody reactions are specific. 

(2) The host must be prepared prior to tumor grafting. 

(3) The responsible agent (or agents) in the tissues or serums used for pre- 
treatment are effective in very small quantities. ; 

(4) The effects of conditioning persist for very long periods of time. 

(5) “Classical” immune reactions do not appear to be involved. This is 
inferred for the following reasons: 

(a) Tissue antisera are equally as effective as the tissues. Injections of 
such antisera, even immediately prior to tumor grafting, abrogate the resistance of 
the host, rather than increase it. 

(b) In the light of the reports”®> that cortisone depresses the inflammatory 
response and the production of antibody, greater graft growth might have been 
predicted in our cortisone-treated mice. Yet the reverse was true. Interest- 
ingly enough, at the very lowest dose of tissue supernate (1:1000), there was an 
increase in rate of growth of the homografts in the cortisone-treated mice. Such 
mice could be presumed to have been insufficiently conditioned and, in these 
animals, the depressing effects of cortisone on the hosts’ defenses became ap- 
parent. 

(c) I wish here, with the permission of Doctor N. A. Mitchison, to quote 
some unpublished observations of his which bear on our problem. His experi- 
ment, which is currently in progress, was suggested by the report of Billingham, 
et al.!® (The technique of passive transfer of transplantation immunity here 
used was first demonstrated by Mitchison.)?”» 8 Doctor Mitchison used mice of 
the C57BR/aSn strain which had been conditioned by injections of spleen 
homogenates from strain A mice. On the day of grafting the strain A tumor 
Sarcoma I, half of the mice received intraperitoneal injections of fresh regional 
lymph nodes from brown mice that had been inoculated with grafts of Sarcoma 
ul Significantly, the conditioned mice that had not received lymph nodes all 
show progressively growing tumors, four weeks after grafting. None of the 
mice treated with lymph nodes has any sign of tumor growth, thereby exhibiting 
a passively conferred immunity. The completely untreated controls also show 
no tumors. These observations exactly parallel the experience of Billingham 
et al.‘® with skin grafts. 

If we are to postulate a mechanism for our observations (which, at present, 
must still be purely speculative), we wish to present the following comments 
for consideration. — What may be involved is a specific adaptive alteration of the 
pretreated mouse induced most probably by the haptenic configuration of the 
injected material, and expressed in a specific change in metabolic pattern of the 
host. The conditioned black or brown host has become an A animal, figura- 
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tively speaking, as regards its reaction to grafts of strain A tumors. Such an 
hypothesis has precedence in the observed induced alteration of antigenic type 
in Paramecium” and the adaptive alterations in microorganisms.°*° 
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—a Discussion of the Paper 


Doctor ALBERT E. Casey (Birmingham Baptist Hospital, Birmingham, 
Ala.): Our original work and the investigations of others have dealt with 
neoplasia which arose in hybrid animals and/or were serially transplanted 
through various strains and hybrids with varying degrees of success. Snell 

*“and Cloudman made a great contribution when they used for “XYZ” studies 
neoplasia which arose in inbred strains of mice and tested these in standard 
inbred strains. We had tested the Brown-Pearce tumor factor in Doctor Wade 
Brown’s inbred strains of rabbits but the tumor source was a hybrid rabbit. We 
have used inbred strains of mice entirely for several years now. 

Doctors Kaliss and Snell and their associates made another important 
discovery when they found the corresponding XYZ factor in the liver and 

_ kidney of normal mice of the inbred strain of origin of a particular tumor. We 
have recently completely confirmed the work of Kaliss and associates on the 
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presence of the E0771 XYZ factor in the liver of normal C57 BL/ 6 mice. , This 
finding brings to mind the similar finding of the mammary “milk factor in the 
normal liver and kidney of the inbred strains in which tumors arise spontane- 
ously. Barrett and associates also obtained an XYZ effect when the mammary 
milk factor was given before transplant before a milk factor tumor. 

Shear, Imagawa, Syverton, and Bittner further clarified the XYZ problem by 
demonstrating the XYZ factor for mouse mammary carcinoma Z8352 in the 
supernate of fresh tumor mince. In association with Doctor Shear, my wife and 
I were able to confirm the presence of the E0771 XYZ factor in the supernate of 
fresh E0771 tumor mince, and Doctor Kaliss is now using supernates for 
routine studies. 

Shear and his associates found the Z8352 XYZ factor in the supernate was 
thermostable up to 45° C. for one half-hour (as has Doctor Kaliss for the A 
factor) and thermolabile at 55° C for one half-hour. The Brown-Pearce and 
E0771 factors are thermolabile at 56° C. for one half-hour. Tests of thermo- 
lability must be interpreted in the light of the medium in which the XYZ 
factor is suspended. 

The XYZ effect is demonstrable when the X YZ factor is injected ten days to 
seven months prior to tumor transplant. In rabbits, the effect was demonstra- 
ble when the tumor was given two weeks before the XYZ factor. Jobling, in 
1910, and Shear and Kaliss, more recently, have found that the X YZ effect was 
relatively ineffective when the tumor and X YZ factor were given the same day. 
Our original results in 1932 with the Brown-Pearce XYZ factor given on the 
same day as the tumor indicated some but no statistically significant enhance- 
ment. 

In our laboratory, we have been intrigued from the first by the seeming 
specificity and individuality of the various XYZ factors even within the same 
inbred strain. Cross reactions were made with the XYZ factors and the re- 
spective transplant hosts strain as in virus and other protein studies. These 
cross reactions were very selective and specific. 

We have demonstrated the XYZ effect in the strain of origin of the tumor 
(E0771 in C57BL/6Jax mice). In addition, by doubly transplanting, after 
two weeks, E0771 in the C57BL/6 strain of origin, the second tumor growth has 
been serially transplanted in foreign strains without preliminary treatment. 
The demonstration that tumors from XYZ-treated animals are serially trans- 
plantable in foreign strains and induce continued enhanced growth in the 
original strain after the XYZ effect has been one of our more interesting con- 
tributions in this field. We are happy to note that Doctor Kaliss and his 
associates have confirmed the first part of this finding. We interpret this 
serial transplantability in foreign hosts and Doctor Kaliss’s serum studies and 
his cortisone studies to indicate that the true XYZ effect is eventually on the 
tumor cells, although accomplished through the medium of the original or of a 
foreign host defensive mechanism. It seems possible to us that the host’s 
defensive mechanism is stimulated by the XYZ factor to produce a permanent 
alteration in the antigenic structure of the tumor cells, so that enough of these 
cells survive to produce the death of the foreign host. 

If some of the old pathologists were still alive, they might cite ‘“dedifferentia- 
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tion” as the basis of the XYZ effect. The XYZ effect in our hands has always 
been toward increased tumor growth. One might attribute the seeming inhibi- 
tion of tumor growth with low dosages of XYZ factors reported by Doctors 
Kaliss and Snell to possible contamination with inhibiting substances. In 


_ any event, the inhibitory effect of fresh cellular antigens is well established. 


Doctor Kaliss and Doctor Snell do not freeze tumor for two weeks before 


lyophilization, as we have done since 1929, to eliminate normal cold-labile 


cellular antigens. The tumors grown in XYZ-treated animals are generally 


_ much larger at the time of death than those in the controls. 


Doctor Ropert D. BARNARD (Research Department, Rystan Company, Inc., 
Mount Vernon, N. Y.): In the cortisone-treated male animals, failure of tumor 
take is a curious phenomenon when the reverse should be expected. I am 
perfectly satisfied with Doctor Kaliss’s explanation in this instance, but I 
should like to mention, as a point of information, that the incorporation of 
“poultry feed grade” terramycin, as a prophylactic measure during cortisone 
administration, has introduced unexpected complexities into oncogenic studies. 
Poultry-grade mycin fermentation residue contains a variety of factors besides 
By and residual antibiotic which have been assumed to be their active ingredi- 


ents in animal growth potentiation. These factors have marked anabolic effect 


and have been used for some time as an “‘anticachexic”’ expedient in inoperable 
human neoplastic disease. Medical men engaged in such administration believe 
that these factors potentiate an otherwise subliminal effect of cortisone and 
that, while neither the 11-oxysteroids nor the mycins have “‘oncolytic’’ effect, 
the combination might have such an effect. 


THE POSSIBLE ROLE OF CORTISONE IN OVERCOMING 
RESISTANCE TO THE GROWTH OF HUMAN TISSUES 
IN HETEROLOGOUS HOSTS* 


By Helene Wallace Toolan 
Memorial Center for Cancer and Allied Diseases, New York, N. Y. 


In a conference on the immunological problems related, to homografting, 
it is possibly not out of place to note some of the data which have accumulated 
on the use of cortisone to abrogate the usually strong resistance of animals to 
heterografting. The material to be presented is neither finished nor polished. 
It is offered in its present state in the hope that it may furnish some clues to the 
general problem of tissue grafting. 

Previously it has been reported" *’ *: 4 that human tissues, both normal and 
malignant, could be grown subcutaneously in small laboratory animals, either 
X-irradiated and/or treated with cortisone. A recent paper? noted that there 
was hope that permanently transplantable human tumors could be maintained 
in the heterologous hosts. This optimism has now been justified for, at present, 
two human neoplasms, the one an epidermoid carcinoma, the other a sarcoma 
(FIGURE 1), have been transplanted serially in cortisone-treated animals for over 
ayear. These tumors not only grow progressively but actually kill their foreign 
hosts within two weeks plus or minus a few days. Several other human tumors, 
notably an embryonal rhabdomyosarcoma and a second epidermoid carcinoma, 
which have been transferred for shorter periods of time, give promise of doing 
equally well. All of these neoplasms will be described in detail in later publi- 
cations. 

One characteristic has been common to the tumors which have become thus 
established. They all have an enormous growth potential. In some instan- 
ces, implantation of material weighing 150 mgm. has resulted in solid tumors 
weighing 7 to 8.5 gm. in two weeks (FIGURE 2). This rapidity of growth does 
not mean that slower growing tumors cannot be maintained also. Slow- 
growing tumors will also continue to proliferate, but usually only when re- 
peated doses of cortisone are given to prevent their regression. Such continued 
treatment with this drug presents a complicating factor which makes these 
tumors unsuitable for general experimental purposes. On the other hand, the 
fast-growing tumors proliferate progressively in hamsters when only 3 mgm. 
of cortisone are given subcutaneously to these animals at the time the tumor 
material is implanted. No further treatment of any type need be given unless 
the initial amount of tumor implanted is small or the tumor possesses a some- 
what less than maximal growth potential. In either of these eventualities, a 
second small dose of 1.5 mgm. of cortisone, six or seven days after the first 
(sometimes even as late as 14 days), will prevent signs of regression. It should 
be emphasized that no growth of the human tumors (either in the first or 40th 


* The investigations reported here were aided by grants from 
ical Research, the National Cancer Institute of the United Stat 
Society, and the Damon Runyon Memorial Fund for Cancer Re 

The cortisone acetate (Cortone, Merck) used for these ex 
of Merck and Company, Inc., Rahway, N. J. 


the Jane Coffin Childs Memorial Fund for Med- 
es yubite Health Service, the American Cancer 
search. 


periments has been supplied through the courtesy 
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Ficure 1. Tenth generation, 15-day growth, of a human sarcoma (H. S. No. 1) in the pouches and flank of a 


hamster treated with 3 mgm. of cortisone at the time of implantation. 
FIGURE 2. Twenty-eighth generation, 15-day growth, of a human sarcoma (H. S. No. 1) in the pouch of a 
hamster treated with 3 mgm. of cortisone. The tumors, one in each pouch, weighed 7 gm. each. The original 


implants weighed 150 mgm. each. 
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transfer generation) has even been seen in a normal untreated hamster (or rat). 
It is felt that such growth would be highly undesirable, as it could indicate only 
that the “human” antigenicity had been lost. 

Since it is apparent that a relatively small amount of cortisone is capable of 
suppressing the expression of genetically determined differences which normally 
result in tissue incompatibility, the question immediately arises, how does this 
drug accomplish so difficult a feat? It is entirely possible that cortisone 
effects this result through the sum of a variety of its numerous known proper- 
ties. Eventually this possibility may prove to be the case. On the other 
hand, the explanation may be relatively simple. All of the effect of the drug 
may be attributable to its generally accepted ability to reduce antibody func- 
tion. It may be that the cortisone injected at the time of implantation 
abrogates the atwral immunity which may be in the form of the natural het- 
eroagglutinins for human erythrocytes reported as present in the rat.’ Sub- 
sequently, a fast-growing tumor, once established, might need no further help 
but might be able to overcome any remaining natural forces plus the acquired 
immunity (manifest approximately 7 to 10 days after transplantation)* simply 
because of its great size. That is to say, if the tumor-host relationship is con- 
sidered as an “antigen-antibody” ratio, the large mass of the neoplasm (“anti- 
gen”’) produces a balance of this ratio in its own favor. Should the tumor not 
have attained a size large enough to achieve this effect, it would regress 
under ordinary circumstances. A second dose of cortisone, one week after the 
implantation, might then act against natural or acquired “‘antibodies” of the 
host to such a degree that the neoplasm subsequently could grow progressively. 
It is also possible that the tumor, by its mere presence, reduces the immuno- 
logical response of the host. Such a finding has been noted by several in- 
vestigators.”’ °» 1°. How the immunological response is effected by the host, 
7.e. through a humoral antibody, through a cellular mobilization, a combina- 
tion of both, or by other means, is not within the scope of this paper. 

Two types of experiments have been done which seem to indicate that the 
cortisone and tumor may act in the manner outlined. In the first experiment 
(cHArT 1), 12 young hamsters (approximately six weeks old) were implanted in 
the left pouch with a small amount (50 to 75 mgm.) of a human sarcoma in its 
30th-transfer generation. The animals received 3 mgm. of cortisone sub- 
cutaneously. One week later, a similar amount of the same tumor was im- 
planted in the right pouches of hamsters 5 to 12 while, at the same time, the 
first tumors were removed from hamsters 9 to 12. No additional cortisone was 
given to any of these animals. It will be noted on the chart that the original 
tumors of hamsters 5 to 8 apparently offered some sort of protection to the 
second tumor implants in these hosts, for the second tumors grew, even though 
no cortisone had been given, if the first tumors were doing well (hamsters 5, ip 
and 8). Could it not be that any ‘“antibodies,’’ humoral or cellular, provided 
by the host were handled adequately enough by the primary tumors so that the 
second implants were able to establish themselves without serious interference? 
Supporting this line of thinking is the observation that where the first tumor 
regressed early (hamster 6), the second tumor did not grow, and when the 
primary growths had been removed (hamsters 9 to 12), the second tumors failed to 
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CuHart 1 


PROTECTIVE EFFECT OF A First HuMAN TumMOR IMPLANTATION IN THE HAMSTER 
ON A SECOND JMPLANTATION 
(A) Small Amount of Tumor Implanted* 
Rem. = removed 
Reg. = regressing 


* Approximately 50 to 75 mgm. human sarcoma (H. S. No. 1, 30th transfer generation) was implanted in the 
left pouch (L) of 12 hamsters (6 weeks old) given 3 mgm. of cortisone at the time of implantation. Seven days 
later a similar amount of the same tumor was implanted in the right pouch (R) of hamsters 5 to 12; at the same 


_time, the first tumors were removed from hamsters 9 to 12. No cortisone was given at this time except 3 mgm. 


to controls A to D. Two additional 7-day control groups (not charted here), the one given no cortisone, the 
other 3 mgm. one week previously, showed no tumor growth. 


survive. Twelve control animals were implanted also with the second tumor; 
only four (A to D) are charted here. These animals received the usual 3 mgm. 
of cortisone, and their tumors did well. Two other groups of controls, the one 


a set of four animals not treated with cortisone, and the other a set that had 


received 3 mgm. of cortisone one week prior to the implantation, showed no 
tumor growth. 

In this experiment, the amount of tumor implanted was small and, without 
the help of additional cortisone, the neoplasms were unable to cope with im- 
munological forces eventually mustered by the host. All of them regressed. 
It may be noted, however, that a dose of 0.75 mgm. of cortisone prevented 
regression in two control animals (hamsters C and D), This amount of corti- 
sone is unusually small. Generally, 1.5 mgm. are given as a second dose. 
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CHART 2 


PROTECTIVE EFFECT OF A Frrst Human Tumor IMPLANTATION IN THE HAMSTER 
ON A SECOND IMPLANTATION 


(B) Large Amount of Tumor Implanted* 


Rem. = removed 


* Approximately 150 to 200 mgm. human sarcoma (H. S. No. 1, 30th transfer generation) was implanted in the 
left pouch (L) of 9 hamsters (6 weeks old) given 3 mgm. “of cortisone at the time of implantation. Seven days 
later a similar amount of the same tumor was implanted i in the right pouch (R) of hamsters 4 to 9; at the same 
time, the first tumors were removed from hamsters 7 to 9. No cortisone was given at this time except 3 mgm. 
to controls A, B,and C. Two additional 7-day control groups (not charted here), the one given no cortisone, the 
other 3 mgm. one week previously, showed no tumor growth. 


A second experiment (CHART 2) was similar to the first, except for the larger 
amount (150 to 200 mgm.) of tumor placed in the pouch. Seven days after 
implantation, these neoplasms were as large as those shown in Chart 1 at 14 
days. Although only the one dose of cortisone (3mgm.) was given at the time 
the first tumors were implanted, regression did not occur, and the second set 
of tumors implanted in the same hamsters 4 to 6 grew progressively without aid 
from the drug. In this case, might it not be that the tumor mass, by its size 
and growth, completely outstripped the host forces trying to overcome it? 
Again, when the original tumors were removed, the second implants did not 
grow (hamsters 7 to 9). The control animals (A,B,C), in contrast to the other 
experimental hamsters, were injected with 3 mgm. of cortisone. As indicated 
on the chart, the second tumor implants of hamsters 4 to 6 are comparable in 
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size to those of the cortisone-treated control animals. It is also noteworthy 
that the first tumors of animals 4 to 6 are unusually large. This fact may be 
owing to an overloading of the animal with tumor (“antigen”). For if tumors 
are placed in both pouches, better individual growth will be obtained than if a 
comparable amount be placed in one pouch only. Likewise, a subcutaneous 
implantation in the flank, in addition to the implants placed in the pouches, 
will often encourage growth of all the tumor material. 

Two other observations of interest to investigators of the immunological 
aspects of tissue grafting have been made. Preliminary work indicates that the 


experiments herein described can be reproduced with a human sarcoma in one 
pouch, and a human epidermoid carcinoma of approximately the same growth 
potential in the other. The forces of the host appear to be directed toward the 
foreign tissue as “human” rather than to any specific type of tumor—as far as 
has been determined to date. Second, in contrast to the results of several 
workers! ” with second set homografts, it has been possible to break down the 
immunity present in a hamster wherein a tumor has grown and regressed, to 
a second implant of the same tumor if a large enough dose of cortisone is given 
(6 mgm. at the time of implantation, followed by 3 mgm. 4 to 6 days later), 
Such “‘second-set” tumors can kill their hosts. It must be remembered, how- 
ever, that most of the previous work of this type has been done on rather sta- 
tionary tissues, such as skin which must remain a long time in the host, whereas 
in this instance, we are dealing with rapidly growing tumors which need be 
tolerated for a relatively short time only in order for death to ensue. 


In summary, then , evidence has been presented to support the line of thought 


that cortisone effects the successful growth of heterografts in otherwise resistant 
animals by a reduction of the host defences, either natural or acquired. Should 
the implanted heterologous material result in a large and rapidly growing tumor 
mass, only one initial dose of cortisone may be needed to establish progressive 
growth. That no further cortisone treatment is necessary may be owing to an 
unbalance of the tumor-host factors, the tumor (‘‘antigen”) volume being so 
large that it is able to overcome the mustered forces (“antibodies”) of the host. 
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Discussion of the Paper 


Doctor GEoRCE W. Wootry (The Sloan-Kettering Division of Cornell 


University Medical College, New York, N. Y .): The transmission of human can- 
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cer to experimental animals as developed and perfected by Doctor Toolan 
opens up new and vital opportunities for cancer therapy and cancer research. It 
also provides new material for the study of transplantation—for the develop- 
ment and testing of transplantation techniques and procedures. 

I should like to say that, asa geneticist and cancer worker, I am most favorably 
impressed by the fact that Doctor Toolan has been able to override genetic 
histocompatibility and immunologic factors involved in heterologous trans- 
plantation as well as she has. I have seen these tumors and have had first 
hand experience with two of them. HS-1 and HEP-3 have been transplanted, 
through a regime of rat to hamster to mouse and back to hamster. How many 
other types of animals will accept these human tumors is still a question for the 
future—and an interesting question. 

Primarily, I have been interested in seeing these tumors adapted for the first 
time to the mouse, so that toxicity studies and chemotherapeutic progress 
obtained in the mouse may be most easily transferred and correlated. It 
would be of great interest to grow these tumors with the aid of substances other 
than cortisone, and any suggestions along this line would be welcomed. Corti- 
sone is additive and, perhaps, potentiating to at least one of the more recently 
developed chemotherapeutic agents used against cancer, namely, 6-mercap- 
topurine. Cortisone has multiple effects, and perhaps all of these effects are 
not needed, or necessarily desirable, in work with heterografts. A potentiating 
effect similar to that observed for cortisone has been observed for Compound A, 
and possibly this effect exists for other steroids which might logically be similarly 
employed in heterotransplantation. Further experimentation along these lines 
is indicated. 

Beyond this field it seems that these human tumor transplants open up areas 
of great interest for research. Such transplants represent an extreme form of 
heterograft and, as such, the facts here learned will be of very general interest. 
It may well be that the increase in growth pictured by Doctor Toolan as 
occurring following the second transplant, possibly through the inhibition of 
additional circulating inhibiting antibodies, may, in the end, be related to the 
XYZ factor reported by Doctor Casey and the lyophilized tumor-inhibiting 
and tumor-stimulating factors discussed by Doctor Snell and Doctor Kaliss. 
Finally, in opening this discussion, I should like to emphasize that I have seen 
these tumors at first hand and that I am most favorably impressed with the 
progress attained by Doctor Toolan. 


-TRANSEXPLANTATION OF RAT KIDNEYS IN PARABIOTIC AND 


PSEUDOPARABIOTIC ANIMALS* 


By Stanley Lang, Gustave J. Dammin, and Benjamin F. Miller 


Departments of Medicine, Pathology, and Surgery, Harvard Medical School, and Peter 
Bent Brigham Hospital, Boston, Mass. 


Investigators studying the course of homotransplanted kidneys have reported 
essentially similar observations concerning function, survival, and histological 
changes of such transplants.'’?? Few, however, have reported observations 
about gross aspects of the kidney and the transplantation site. Members of 
our transplantation group have repeatedly observed massive fibrous perirenal 
reactions when examining the site. Common findings were adhesions to the 
kidney and thickening and necrosis of the capsule. As a result of many such 
observations, it was felt that there might be some localized reactions set up at 
the site of the transplant at the boundaries of contiguous tissues. We wished 
to ascertain whether such factors did, in fact, exist and, if so, what role they 
might play in the rejection of homologous kidney transplants. 

We were in the first stages of the present study when we were invited to par- 
ticipate in the Conference on which this monograph is based. It should there- 
fore be stated that the data presented form only an initial progress report. 

This report is concerned with the effects on a kidney which has its blood 
supply and ureteral communication intact in a “donor” animal, but which is 
transexplanted into the subcutaneous tissue of a second or “recipient” animal 
when: (a) the animals are in true parabiotic union; and (b) such union is 
prevented (pseudoparabiosis). 


Techniques 


Albino rats, 100 to 150 grams, both male and female, were used. The ani- 
mals were not selected for pairing and were not littermates. 

(a) Pseudoparabiosis. The left kidney of the right member of the pair was 
mobilized and exteriorized under sodium pentobarbital anesthesia (“right” and 
“eft” are employed as when viewed from the dorsum and with the heads of the 

‘animals pointed away from the operator). The body wall was closed with silk 
beneath the kidney, leaving the hilar structures intact. The skin was similarly 
closed beneath the kidney. A small cutaneous incision was then made on the 
right side of the left member and the edges of the incision were sewed with inter- 
rupted sutures to the whole skin around the kidney of the donor or right mem- 


“ber. The animals were secured by means of two metal pins enclosed in poly- 


ethylene tubing passed subcutaneously through the neck and hind quarter 
regions. A cotton sleeve was passed over the animals and they were then 
taped together. This method of attachment prevented strangulation or 
dislodgment of the donor kidney from its subcutaneous position in the recip- 


ient. ; 
(b) True parabiosis. The same procedure was carried out except that a skin 


i i é ion; Bristol-Myers Pharmaceutical 
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incision from the base of the ear to the base of the tail was made in each ani- 
mal ventral to the site of transexplantation of the kidney. The edges of the 
skin incision of one animal were sutured to the corresponding edges of the in- 
cision in the second animal. The animals were secured as above. 

(c) Controls. Single animals with the left kidney explanted subcutaneously 
furnished control material. 

At the time of sacrifice of any pair of animals, the pair was anesthetized with 
ether and the contralateral (uninvolved) kidney of the donor was removed. 
Immediately thereafter, 0.1 cc. of phenolsulfonphthalein (6 mgm./cc.) was 
introduced into the donor’s heart. After 15 minutes, the urinary bladders 
were exposed and a few drops of 10 per cent sodium hydroxide were injected 
into them. The development of a red color in the bladder urine of the donor 
animal was evidence of a functional transexplanted kidney. Presence or 
absence of the dye in the recipient’s bladder urine was used as an index of 
vascular anastomoses between the animals. 


Results 


Pairs of pseudoparabiont animals and single controls were sacrificed at 175 
14, and 21 days postoperatively. In all pseudoparabiont pairs, the donor 


2 


FicureE 1, Control. Seven days explanted subcutaneously ina single animal 


tures are normal. Capsule and subcapsular struc- 
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Twenty-one days explanted subcutaneously in a single 


Capsule and subcapsular structures are normal. 


Control. 


FIGURE 2. 
Thickening of capsule. 


Control. 


FIGURE 3. 


animal. 


Fourteen days explanted subcutaneously in a single animal. 


Subcapsular structures are normal. 
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Ficure 8. True Parabiosis. Seven days transexplantation. Higher power of FIGURE 7. 


bladder urine contained dye, while none was present in the recipient bladder 
urine. The morphological aspects of the kidneys were indistinguishable from 
that of kidneys explanted as controls (FIGURES 1, 2, 3, 4, 5, 6). 

True parabiont pairs were sacrificed at seven days. Phenolsulfonphthalein 
was demonstrated in small amounts in the urinary bladders of the recipient 
animals. The capsule of these kidneys showed almost complete obliteration by 
fibrous and cellular infiltration which extended into the subcapsular cortex. 
Panarteritis was observed in the smaller arteries of the transexplanted kidney 
(FIGURES 7, 8, 9). 

From the literature on parabiosis it appears that such capsular reactions do 
not occur when kidneys are left in their normal sites. Animals have lived for 
a year and a half in parabiont union without showing histological alterations of 
the kidney capsule so far as we can ascertain. It would seem that the capsular 
lesions found under the present experimental conditions require more than the | 
exchange of blood or body fluids for their manifestations. Contact between the 
donor kidney and the recipient subcutaneous tissue is also required. 

Hall and Hall® reported artheritis in one member in about 40 per cent of 
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Ficure 9. True Parabiosis. Seven days transexplantation. Two medullary arteries showing arteritis and 
lymphocyte infiltration of the area. 


parabiont pairs when the drinking water consisted of 1 per cent sodium chloride 
solution. The arteritis was found in those rats which developed hypertension 
and cardiac enlargement. Under these conditions, arteritis was not observed 
prior to the 21st day. In our rats, arteritis was found in the transexplanted 


kidney on the 7th day. 


Summary 


. As long as the donor kidney is maintained with its own circulation indepen- 
dent of that of the recipient, there is little or no tissue reaction at the junction 
between donor and recipient tissue during the 21 days we have observed our 
animals. When a common donor and recipient circulation is established, as in 
true parabiosis, then tissue reactions occur at the donor-recipient junction. 
The nature of these changes in true parabiosis requires further study. 
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Discussion of the Paper 


Docror Joun C. Frnerty (Lhe University of Texas—Medical Bramch, 
Galveston, Texas): I should like to say a few words about parabiosis which may | 
be applicable to several of the preceding papers in this monograph. When Paul | 
Bert first developed the operative procedure for parabiosis in 1863, he did it as 
part of a program of research in plastic surgery. He considered parabiosis as a | 
homografting of two individuals, each of which could be considered as either 
the donor or the recipient. If this concept is acceptable, parabiosis intoxi- 
cation can be considered as an incompatible homograft. Early sloughing of 
second set homografts also fits in with this idea since, several times in the past 
30 years, it has been shown that skin homografts slough more readily after para- 
biosis. 

We have been able to demonstrate that X irradiation of one partner, prior 
to parabiosis, reduced the incidence of incompatibility, or parabiotic intoxica- 
tion, as shown in the following table. 


INCIDENCE OF PARABIOSIS INTOXICATION 


Treatment 
No. of pairs No. yippee 
Left partner Right partner 
Irradiated* 700 r Normal 91 7 (8%) 
Normal Normal 23 7 (30%) 


* LDoo , 30 days, in our laboratory in unpaired female rats. 


Blockade of the reticuloendothelial system by intravenous injection of 
thorotrast into one partner before surgical union also reduces the incidence 
of intoxication. 

Since the true parabionts in Doctor Lang’s work were incompatible, I wonder 
whether kidney changes might be anticipated in compatible pairs. 
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ACQUIRED TOLERANCE OF SKIN HOMOGRAFTS 


By R. E. Billingham, L. Brent, and P. B. Medawar 
Department of Zoology, University College, U: niversity of London, London, England 


Introduction 


“Acquired tolerance” may be defined as an induced state of specific non- 
reactivity towardsa substance that is normally antigenic—a nonreactivity, more- 
over, that is due to a primary failure of the machinery of the immunological 
response.* The prolongation of the life of homografts that may be brought 
about by the administration of cortisone or trypan blue or by X irradiation 
should not, therefore, be ascribed to “tolerance,” for such treatments are not 
immunologically specific in their effects. They lower the resistance of the host 
to homografts from ail donors. Our definition also excludes the acceptance by 
F, hybrid mice of homografts transplanted to them from members of either of 
their parental inbred strains, for the tissues of the parents are not antigenic to- 
wards their hybrid progeny, whose “tolerance,” though specific, is therefore in 
no sense actively induced. 

Although there are grounds for believing that the principles we shall formulate 
now apply to heteroplastic as well as to homoplastic grafts, and to cancerous 
tissues as well as to normal, we shall be concerned at present only with homo- 
grafts of normal cells; nor do we wish to recapitulate, except in briefest outline, 
findings that have already been published elsewhere (Billingham, Brent, and 
Medawar, 1953). What we have done, in effect, is to reproduce experimentally 
in chickens, rabbits, and mice a state of affairs that occurs naturally in the life- 
time of most twin cattle of dizygotic origin (Owen, 1945) and very rarely in twin 
human beings (Dunsford, Bowley, Hutchison, Thompson, Sanger, and Race, 
1953). Twin cattle are normally synchorial, and cells circulating in the blood 
stream of the one have free access to the other through the anastomoses of the 
fetal vessels. Owen showed that twin cattle are born with, and may long re- 
tain, red blood cells of dual origin. In other words, each calf contains its own 
red blood cells mixed with a certain, sometimes high, proportion of red cells be- 


Jonging to the zygote heritage of its twin. Since erythrocytes are end cells with 


a determinate span of life, Owen infers that the twins exchange red-cell pre- 
cursors in fetal life and so become, and usually remain, chimeras. 

The experiments of Weiss and Andres (1952) provide strong support for this 
interpretation: they have not only shown (as Rawles and Eastlick had shown 


beforehand) that pigmentary melanocytes introduced into embryos of non- 


pigmented or differently colored breeds may survive beyond hatching, but, by 
using the intravenous route of inoculation, they have also shown that cells 


injected into the blood stream may eventually leave the blood vessels and take 


up their proper positions in the body. 
The connecting link between Owen’s experiments and those now to be de- 


* This additional statement was introduced to meet an objection raised by Doctor Sulzberger in the discus- 
sion of this paper, viz.: that the first part of the definition fails to exclude the incapacitation of toxin by circu- 
lating antitoxin. Another way of expressing the distinction that is intended is to say that tolerance is due to a 

entral as opposed to a peripheral failure of the immunological response: see below. 
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scribed is our demonstration that dizygotic cattle twins, even when they are of 
different sexes and of obviously different genotypes, will normally accept homo- 
grafts of each other’s skin, although full siblings of separate birth do not do So 
(Anderson, Billingham, Lampkin, and Medawar, 1951; Billingham, Lampkin, 
Medawar, and Williams, 1952). The prenatal exchange of cells circulating in 
the fetal blood vessels had, therefore, conferred a long-lasting and sometimes 
permanent mutual tolerance of skin grafts exchanged between them later in 
life, The state of tolerance so induced was clearly specific, for cattle of 
dizygotic twin birth accepted homografts only from each other. Homografts 
transplanted from the dam, from their brothers and sisters of separate birth, 
or from members of other pairs of twins, were reacted upon and broke down in 
the usual way. 

In twin cattle of unlike sex, it should be added, there is an exact correspond- 
ence between red-cell chimerism and sterility of the female. Females that are 
not chimeras are not freemartins (Stone, Stormont, and Irwin, 1952). Our 
own work shows that this correlation is entirely circumstantial, for in both 
chickens and mice we find that tolerance can be induced with no deterioration 
of fertility. It just so happens that the anastomosis of fetal vessels that leads 
to somatic chimerism in cattle may also lead, along a different causal pathway, 
to infertility of the female. 

Experimentally produced tolerance. Tolerance of skin homografts may be 
artificially induced by exposing rabbits, mice, and chickens to living tissue anti- 
gens in the period of development before the faculty of immunological response 
has come into being. The Jower limit of the range of ages over which the in- 
oculation of foreign cells may confer tolerance (as opposed to immunity) appears 
to be set by purely technical restrictions—in fact, the earlier the embryo is 
inoculated, the greater is the theoretical expectation of success. We have not 
successfully reared any mouse embryo which has been injected at the 13th or 
14th day of fetal life, perhaps because this period is specially vulnerable. The 
upper useful age limit is a day or two before birth. The time of birth is cer- 
tainly too late, for only 5 to 10 per cent of mice inoculated within 12 hours of 
delivery will allow skin homografts transplanted in adult life to exceed their 
normal expectation of survival. With chickens, we have so far confined our- 
selves to the injection of 10 to 11 day embryos, but the experiments of Cannon 
and Longmire (1952) show that, here also, birth defines the extreme upper 
limit of the useful range. Only 5 to 10 per cent of skin homografts exchanged 
between newly-hatched chicks gave evidence of prolonged survival. In all the 
rest, the homografts were summarily destroyed. Their experiments, however, 
show more clearly than our own that the epoch of tolerance ends not sharply, 
but by a gradual dying away. In rabbits, we have incomplete evidence that 
the 22nd day of pregnancy may bea little too late. Rabbits are, of course, more 
mature at birth than mice. We accordingly presume that the tolerance-range 
of animals which are yet more advanced at birth, such as sheep, ends earlier 
still in embryonic life; for, as Schinkel and Ferguson (1953) have most in- 
geniously shown, sheep can react upon and reject skin homografts transplanted 
40 days before birth (the normal gestation period being about 150 days).* 


* Tt should certainly not be assumed that competence to react against bacterial or other heterologous antigens 
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In short, the upper age limit of the range of ages over which the inoculation 
of foreign cells will confer tolerance varies from species to species in accordance 
with their degree of maturity at term. But it is not very likely that the range 
will extend far beyond birth in any bird or eutherian mammal, for, at birth, an 
animal must begin to fight its own immunological battles. The period of 
birth in mice happens to represent a “null period” during which the inoculation 
of foreign cells confers neither tolerance nor immunity; challenged with a skin 
homograft in adult life, a mouse inoculated at birth behaves exactly as does a 
mouse which has received no such preparatory treatment at all. 

In our experiments, tolerance has been conferred by inoculating embryos 
either with adult cells or with cells from other fetuses. The use of either is 
theoretically defensible, for embryonic grafts might be expected to establish 
themselves with particular ease, and the use of adult cells raises no doubts 
about the antigenic maturity of the inoculated tissue. We normally use adult 
cells, because they need never be in short supply and are easier to handle in the 
form of a suspension. There is no evidence, at present, that the conferment of 
tolerance depends upon observing any rules of tissue specificity. A fetal in- 
oculum that will confer tolerance of skin homografts transplanted later in life 
need contain neither skin epithelial cells nor epithelial cells of any kind. In 
much of our earlier work, we used a mixture of cells and minute tissue fragments 
from an adult donor’s spleen, kidney, and testis. More recently, we have used 
citrated adult whole blood (of which the monocyte is the only cellular constit- 
uent that is not an end cell). The evidence that adult whole blood can confer 
complete and permanent tolerance upon mice and rabbits still awaits con- 
firmation. 

Degrees of tolerance. ‘Tolerance is not a phenomenon of the ‘‘all-or-nothing”’ 
kind. The median survival times (M.S.T.) of homografts transplanted between 
members of highly inbred strains of mice may be defined with greater exactitude 
than is usual in immunological experiments. In our experience, the M.S.T. 
lies within the range 814 to 11 days, according to the strains of donor and host— 
a value which may be estimated with a degree of precision represented by a 
standard sampling error of not more than 0.3 days (unpublished work in collab- 
oration with E. M. Sparrow). Very low degrees of tolerance may thus be 


jdentified. These limits are theoretically of some interest, but of little practical 


importance, and for the experiments described below, we have very rarely used 
homografts which have not remained perfectly autograftlike for a/ least 75 days. 

When the recipient’s immunological response mechanism has been in- 
capacitated to a degree which allows a skin homograft transplanted in adult 


“life to survive for, say, a month, the reaction against second or third stage 


grafts is proportionately impaired (a second-stage graft is one that has been 
transplanted from the same donor, or a member of the donor’s strain, after the 
breakdown of a first; and so with a third-stage graft). A normal mouse upon 
which a homograft has broken down after 11 days of residence will cause 
the total destruction of a second-stage graft within less than six days; but an 


th the faculty of responding to the isoantigens of tissue homografts. The work 
d the cnpublished work of Doctor Muriel Robertson on cattle tend to 
be highly developed at a stage when the response to bacterial antigens is 


is exactly coincident in time wi 
of Schinkel and Ferguson on sheep an 
suggest that homograft reactions may 
fitful and incomplete. 
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entirely representative example of the survival times of first, second, and third 
stage homografts on a partially tolerant mouse is 78, 40, and 6 days respectively. 
In other words, a “second-stage” graft on a partially tolerant mouse may last 
longer than a first-stage graft on a normal mouse. Partial tolerance therefore 
probably represents an incapacitation of the host’s mechanism of response _ 
which, though incomplete, is nevertheless permanent. 

Specificity of acquired tolerance. The mere survival-time of a test homograft | 
is not necessarily a complete measure of the degree of tolerance. It is possible 
for a homograft to survive for very long periods, and perhaps permanently, 
in the face of a chronic low-grade reaction that is revealed by such minor im- 
perfections as sparseness and irregularity of hair growth, scurviness of the skin 
surface, and (with grafts transplanted to young animals) a failure to grow in 
step with the growth of the host. We have observed that, when tolerance is of 
this reluctant kind, a surviving homograft may break down completely or at 
any rate undergo further deterioration when a second graft is transplanted from 
the same donor* or from a donor belonging to a different inbred strain. The 
passage of a first graft through an immunological crisis during the rejection of a 
second graft from a donor of a different strain may lead to the inference that the 
specificity of acquired tolerance is incomplete. This interpretation is certainly 
mistaken, and we take this opportunity to correct the argument in our original 
paper (Billingham, Brent, and Medawar, 1953). A state of virtually complete 
tolerance can be achieved in which the tolerant host (a) will accept without any 
perceptible reaction a second graft transplanted from the same donor at any 
time after the transplantation of the first; and (0) will reject a second graft trans- 
planted from a donor genetically unrelated to the first without producing any 
perceptible deterioration whatsoever in the graft or grafts transplanted from the 
original donor. In short, the specificity of acquired tolerance is complete if 
tolerance is complete. 

The abolition of tolerance. The tolerant state may be abolished in alternative 
ways which, though they have much in common, appear to rely upon two dis- 
tinct immunological mechanisms. 

(a) By implantation of “immune” lymph nodes. It has been shown by Mitchi- 
son (1953, 1954) that heightened resistance to a strain-specific mouse tumor 
homograft can be passively conferred upon a normal host of some other strain 
by grafting into it the regional lymph nodes of a member of the host’s strain 
which has been actively immunized against the tumor. The effect of this 
procedure is to make the recipient of the “immune” lymph nodes behave to- 
wards a tumor homograft exactly as if it had been actively immunized itself. 
It is probably not a “‘passive immunization” in the usual sense, because there is 
no evidence for (and a good deal against) the transfer of ready-made antibody. 
It is best thought of as an active immunization by proxy, an “adoptive immun- 
ity” attributable to the survival of some of the cells of the transplanted node 
fragments and to their continuing to behave in their new hosts as they would 
have done if left undisturbed in the animals from which they originally came. — 

We have taken advantage of this principle to abolish the state of acquired 


* Here and below, “‘tl ? c ‘ 
strain.” e and below, “the same donor”’ may be taken to mean “‘the same donor or another member of the donor’s 
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tolerance. If, for example, a skin homograft from an A-line mouse is tolerated 
by a CBA host, the graft can be promptly destroyed by an intraperitoneal 
inoculation of the tolerant host with fragments of the regional lymph nodes 
excised from normal CBA mice which have reacted against and thrown off grafts 
of A-line skin. The visible deterioration of the tolerated graft (which will 
already have survived in a perfectly autograftlike state for at least 75 days 
beforehand) begins three to four days after the inoculation of the host with 
“Immune” nodes, and is completed by necrosis and scabbing 9 to 15 days after 
inoculation. 

(0) By implantation of normal nodes. In the alternative procedure, exactly 
the same experiment is performed, except that the lymph nodes implanted into 
the tolerant CBA mouse come from normal CBA mice, and not from mice 
immunized by an earlier grafting of A-line skin. Visible deterioration of the 
graft begins about 15 days after implantation and ends with complete scabbing 
after about 23 days. The tempo of breakdown is therefore much slower. 

The simplest explanation of this fact is as follows: the tolerant CBA mouse’s 
own lymph nodes (and other tissues capable of immunological response) have 
been totally incapacitated by the inoculation of A-line cells in fetal life, and the 
implantation of normal nodes merely serves to re-equip it with immunologically 
active tissue. The tolerated graft is therefore destroyed by the ordinary proc- 
ess of active immunization, though this immunity is not necessarily called into 
being by the antigens of the tolerated skin graft itself, for the tolerant host 
presumably also contains the scattered surviving residue of the living cells of 
the original fetal inoculum. 

No matter which of these alternative methods is used, immunity appears to be 
as long-lasting as that which results from the ordinary active immunization of a 
normal mouse. This result is to be expected, for the transplanted lymph nodes 
were derived from other mice of the same strain. Many of their cells should 
therefore have survived and should have been incorporated into the tissues of 
the formerly tolerant host. The experiments of Courtice, Harding, and Stein- 
beck (1953) tempt one to believe that lymphoblasts and lymphocytes expressed 
from the transplanted nodes enter the lymphatics of the diaphragm and are 


_trapped within the mediastinal lymph nodes and perhaps within other nodes 


elsewhere. 

These experiments show that tolerance of a homograft is attributable to a 
central failure of the host’s mechanism of immunological response, not to a 
peripheral failure, such as might be due to an absorption of antibodies by 


__ surviving cells of the fetal inoculum or to the mere suppression of the inflam- 


matory changes that accompany the breakdown of normal homografts; for a tol- 
erant host proves to be perfectly capable of giving effect to an immune state 
which has been produced by proxy. The tolerated graft continues to be 
vulnerable to an immunity reaction directed against it, and continues to be a 
source of normal antigenic stimuli, although these stimuli are without effect until 
the tolerant mouse is re-equipped with tissue that can respond to them. 
Inasmuch as the implantation of normal lymph node grafts into a tolerant 
mouse causes the breakdown of a tissue (the tolerated foreign skin) which is 
anatomically part of the host’s body, it follows that a graft which is immuno- 
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logically qualified to do so (as a lymph node clearly is) can react against the 
tissues of its host. This reaction may be regarded as a formal experimental 
proof of a hypothesis that has already been put forward on histological grounds 
by Dempster (1951, 1953) and Simonsen (1953). We particularly urge that the 
possible reactions of a graft against its host should be kept in mind whenever 
normal tissues or tumors are transplanted from members of inbred parental 
lines into their hybrid progeny. The fact that-such a graft contains no anti- 
gens not also present in the host may cause one to forget that the host contains 
antigens which are absent from the graft. 

Cognate phenomena. Phenomena that are probably cognate with acquired 
tolerance were discussed in our first communication (1953), to which there is 
little to add. Chase (1949) has already shown that an induced specific in- 
competence to react to skin-sensitizing chemicals in guinea pigs is due to central 
failure of the reaction mechanisms. The same is true, as we have shown, of 
acquired tolerance of tissue homografts; and Kaliss and Mitchison herein find it 
to be no less true of that enhancement of the growth of tumor homografts which 
is produced by preparatory treatment with tissue desiccates and extractives. 
It is not likely that Felton’s ‘immunological paralysis’ (1949) is an exception to 
the rule. There is now, therefore, an added inducement to believe that these 
several phenomena depend upon the same kind of central derangement of the 
antibody-forming mechanisms, but, for the present, it would be an act of ordinary 
prudence to continue to describe each by a different name: tolerance, enhance- 
ment, inhibition, or paralysis, as the case may be. 

In conclusion, it should perhaps be added that (apart from its natural occur- 
rence in bovine twins) acquired tolerance need not be of wholly artificial origin. 
It is quite possible that the accidental incorporation of maternal cells (uterine 
leucocytes should not be forgotten) into a fetus may lower its resistance in 
later life to homografts transplanted from the mother. Our current experi- 
ments point in that direction, and if a sufficient number of clinical trials were 
undertaken, it should not take long to discover whether or not homografts of 
maternal origin were appreciably superior to homografts from the father or 
from unrelated donors. Mitchison has already suggested that nonreactiveness 
to Rh antigens might arise from the gestation of Rh-negative fetuses within 
Rh-positive mothers; so that the maternal grandmothers of children afflicted 
with hemolytic disease should contain a disproportionately large fraction of 
Rh-negatives. An investigation of this hypothesis (Booth, Dunsford, Grant, 
and Murray, 1953) has failed to sustain it, a failure which may simply mean 
that exposure of the fetus to the antigen was too short-lived, or that the vascular 


quarantine of the embryo is more efficient than the histological structure of the 
placenta inclines one to believe. 
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Discussion of the Paper 


Doctor Eart O. BurcHer (New York University School of Dentistry, New 
York, N. Y.): I am sure that everyone will join in congratulating Doctor 
Medawar on the many fine contributions that he has made to the subject of 
homografting. 

It would seem that the lymphatic tissue of the host fetus that receives the 
homologous cells from the A-line donor has not as yet developed immunological 
capacities, or is insufficient in quantity to produce an immune reaction. It is 
also entirely possible that the donor material may “‘paralyze’’ the immune 
response of the fetal host by overwhelming it with a greater amount of antigens 
than its incompletely developed R-E system can feasibly cope with at any 


- one single time. 


The antigenic properties of the donor tissues are not lost, as one might suppose, 
but continue to play a role, for when the “tolerant” host receives lymph nodes 
from a normal adult mouse, a typical homograft reaction occurs in which the 


“tolerated” donor tissues are then rejected. 


In our laboratory we have attacked this problem in almost an exactly op- 
posite manner, that is, we have buried fetal skin subcutaneously in an adult, 
postpartum host, where it develops into an epithelial-lined cyst. After a 
necessary time lapse, the area of host skin that lay over the subcutaneous cyst 
was excised. The cyst was then opened and its epithelial edges were sutured to 
the host skin defect, thereby leaving much of its blood supply intact. Several 
such grafts have survived. Here we are presented with the problems of whether 
the donor tissue persisted because it was less differentiated, less keratinized, or 
possessed less ability to evoke a standard homologous reaction. 
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While many of the investigations presented in this monograph indicate that 
homografts do not survive because of an immune reaction, the differences in 
persistence due to the status of a tissue (embryonic, fetal, neonatal, or adult, 
and due to the site of transplantation (anterior chamber, perilymphatic spaces, 
brain) cause one to be a little reluctant in accepting the immunity hypothesis 
in its entirety. 


STAAL TS 


Part IV. Immune Reactions in Tissue Homotransplants 


THE IMMUNE CONCEPT: ITS RELATION TO BONE 
TRANSPLANTATION* 


By M. Bonfiglio, W. S. Jeter, and C. L. Smith 


Departments of Orthopedic Surgery and Bacteriology, College of Medicine, State 
University of Iowa, Iowa City, Towa 


The introduction of the bone bank in the last few years has been accompanied 
by a revival of the old controversy as to which type of bone transplant is 
superior. The majority of investigators!’ * * conclude that fresh autogenous 
bone is superior to other types of transplants, such as fresh homogenous bone, 
frozen homogenous bone, lyophilized bone, boiled bone, and ‘“merthiolate” 
stored homogenous bone. Many of the investigators believe, however, that 
the difference is not sufficiently significant to warrant the additional risk to 
the patient or additional expenditure of time by the surgeon to obtain the 
transplant.* & 8 

Throughout the literature on bone transplantation, there is reference to the 
question of tissue specificity to homogenous bone. In addition to the his- 
tological approach in evaluating the various types of bone transplants, it 
seemed plausible that immunological techniques could be used to furnish basic 
information on the nature of the immune reaction, if any. 

Therefore, in an attempt of evaluate the problem, experiments were under- 
taken in animals to study: (1) the healing of fractures in transplants of various 
types—autogenous fresh, frozen, and boiled, homogenous fresh and frozen; and, 
(2) the immune and foreign body reaction to homogenous bone. Graft 
fracture healing was used as a criterion of the repair capacity of the transplant, 
since host bone callus would be less likely to influence that site. 


1. Histological Aspects 


Large male young adult rabbits were used. Three centimeter segments of 
bone with periosteum intact were removed from the right ulna, fractured at 


“midpoint and replaced in the same defect for autogenous fresh grafts. Grafts, 


boiled for 15 minutes, were similarly placed in the same defect. Fresh homog- 
enous transplants were accomplished by direct transfer of ulnar segments from 
pairs of rabbits. Frozen grafts were stored in sterile double glass containers 
at —15 to —20° C. for periods of one to twelve weeks before use. Animals 


“were sacrificed at intervals from one to twelve weeks after grafting. The 


repair capacity of the different types of transplants will be cited only briefly.° 

These varying repair capacities indicate that, in general, autogenous bone is 
better tolerated than all others. In addition, the majority of fractures in 
autogenous fresh grafts healed promptly by bony union, while only a third of 
those in- fresh homogenous grafts united. Fractures in frozen autogenous or 


homogenous transplants healed poorly or not at all (GIGURE\ 1) he re- 

SG bhow ided i t by grants from the Douglas Smith Foundation, University of Chicago; the 
ea he cctats of Health, Unites States Public Health Service; and The Central Scientific Fund, College of 
Medicine, State University of lowa. 


417 


418 Annals New York Academy of Sciences 


FRESH FROZEN BOILED 
Auto Homo Auto Homo Auto 


WA No. of Bony Unions 


FicureE 1. A comparison of the healing of bone graft fractures. 


placement of fresh autogenous grafts was by direct substitution of dead bone 
by living bone, whereas the fresh homogenous transplants showed more ab- 
sorption of cellular fibrous tissue before new bone appeared, if any. The re- 
placement of all frozen transplants was considerably delayed and, when it did 
occur, it was by both fibrous tissue and by new bone directly. An histologic 
evaluation of the inflammatory reaction to fresh and frozen homogenous 
transplants follows. Since all of the autogenous bone transplants studied 
showed no evidence of cellular reaction, none will be illustrated histologically. 

At one week, an homogenous fresh transplant shows considerable round-cell 
infiltration between the muscle and the cortex with its attached periosteum 
(gIGURE 2). Minimal inflammatory reaction was noted in a one-week homog- 
enous frozen transplant. 

Cellular reaction is most pronounced at three weeks in a homogenous fresh 
graft (FIGURE 3). There is periosteal new bone which is surrounded by in- 
flammatory cells. An intense perivascular round-cell collection is also present. 

The graft-host site of a three-week fresh homogenous graft shows vascular 
fibrous tissue between the graft cortex and the surrounding host callus (F1G- 
urE 4). The graft is undergoing absorption. Inflammatory cells are scat- 
tered diffusely in the vascular connective tissue. This picture suggests a 
rejection of the transplant by the host. 
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FicurE 2. A one week homogenous fresh transplant. Inflammatory reaction between the graft cortex and 


2 


~~ overlying muscle. X130. 


A three-week frozen homogenous transplant shows a less intense collection of 
inflammatory cells and necrotic cortex without absorption (FIGURE 5). The 
inflammatory cells, primarily round cells such as lymphocytes, monocytes and 
macrophages (histiocytes), and scattered eosinophils are shown in FIGURE 6. 

An homogenous fresh 12-week graft cortex has been completely absorbed at 
one end. Absorption of the remaining cortex continues. No new bone has 


replaced the graft at this area (FIGURE 7). 
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Ficure 3. Three week homogenous fresh transplant. Maximum cellular inflammatory reaction surrounds 
new bone between cortex and muscle. Perivascular round cell infiltration is also present. S50. 


FicurE 4. Three week homogenous fresh transplant. Wascular 
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Ficure 5. Three week homogenous frozen transplant. Inflammatory reaction is less intense. The cortex is 
devoid of osteocytes. 


_ At 12 weeks, necrotic homogenous frozen cortex shows absorption of the 
graft with peripheral round-cell infiltration (FIGURE 8). 

The observations in these experiments suggest that homogenous fresh and 
frozen transplants induce a foreign protein cellular inflammatory incompati- 
bility reaction similar to reactions described by Loeb,!° Medawar," ? Demp- 
ster,’ and others," for other homograft tissues. In an attempt to evaluate the 
degree of inflammatory reaction with relation to time as well as type of graft, 
an arbitrary scale was used. ‘The collections of inflammatory cells were totaled 
‘in square millimeters at 100 magnification and described as one to four plus; less 
than one millimeter square equaled one plus; less than two millimeters square 
equalled two plus, etc. 

A comparison of the reactions to fresh and frozen homogenous grafts reveals 
that the reaction was most intense from two to four weeks in fresh homografts 
and, although less intense initially, persists up to 12 to 18 weeks in frozen homo- 
grafts (FIGURE 9). In the latter instance, this effect was presumably because of 
delayed vascular invasion and absorption of the transplant. The reaction was 
maximum at three weeks for fresh homografts and dropped sharply thereafter. 
Frozen homografts had a similar but less intense peak at three weeks, but, 


interestingly enough, it persisted and increased in the 12- and 18-week ani- 


mals. In fact, it was three plus in a seven-month frozen homograft. 
To test the effect of a second homograft, a series of animals operated upon in 


pairs received a first graft in the right foreleg and, at intervals of one to twelve 
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Ficure 6. The inflammatory cells consist of lymphocytes, macrophages, and scattered eosinophils. 


weeks, had the right foreleg amputated. A second graft from the same donor 
was then placed in the left ulna. The rabbits were sacrificed at corresponding 
intervals of one to twelve weeks. 

A comparison of the inflammatory reactions of the primary and secondary 
fresh homografts reveals an increase and persistance of the reaction after three 
weeks (FIGURE 10). No appreciable difference in the repair capacity of primary 
or secondary grafts was noted. 


These experiments suggest that an incompatibility between the host and 


~ 
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_Ficure 7. Twelve week homogenous fresh transplant. Marked absorption of graft cortex without any 
evidence of new bone formation. 


Marked graft absorption with persistent inflamma- 


FIGuRE 8. Twelve week homogenous frozen transplant. 
tory reaction is observed. 
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Frcure 9. A comparison of the cellular inflammatory reaction to fresh and frozen homogenous transplants. 


4 


MMB PRIMARY GRAFT REACTION 
SECONDARY GRAFT REACTION 


Reaction 
De) 


| ae i2 
Weeks 


Ficure 10. A comparison of the cellular inflammatory reaction to firs S 
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homogenous bone exists. From the data presented, the question could be 
asked whether the homogenous bone was antigenic. 


2. Immunological Studies 
Preliminary immunological studies on the nature of the responses shown in 
the preceding pages will be described in the following section. 


An investigation of the possible relationship between bone grafts and a 
specific immune response poses several problems: 


(1) If there is an immunological effect, where might one expect to find the 
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FIGURE 11. Bone mill. 


antigen? Should only cortical bone, only marrow, or whole bone be used as a 
possible source of antigenic material? 

(2) Would soluble or particulate portions of fragmented bone be most suit- 
able for study? 

(3) How might one be able to extract the antigen? 

(4) Would the antigen be dominant or minor in its effect and, if it were minor, 
how might one accent its antigenic qualities so that its activity might be ob- 
servable? 

Since whole bone is used in the actual grafting operation, it seemed plausible 
that whole bone would be most suitable as source material, even though it would 
be impossible at first to separate the effects of the various constituents. Solu- 
ble preparations appeared to be best suited for most types of serological study. 

Under these conditions, heat and denaturation would be important factors to 
avoid. Mills such as those used in preparing bone meal fertilizer, grinding 
wheels, and saws would be eliminated because of the tremendous local heat that 
they produce. .The use of pressure as a means of fragmenting bone proved 
unsatisfactory, since pressures of up to 20,000 pounds failed to crush some sam- 
ples which possessed tremendous tensile strength. 


Materials and Methods 


After some experimentation it was possible to obtain or develop the following 
instruments which aided in the extraction process: 

(1) Bone mill* (r1cuRE 11). This instrument is made and sold com- 
mercially. It crumbles bone into small pieces of approximately Yaa trem, 
size. 


* Roger-Anderson Bone Mill, The Tower Company, Seattle, Wash. 
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FicurE 12. Steel ball mill. 


FicuRE 13. Steel ball mill (assembled). 


(2) Stainless steel ball mill. (¥IGURE 12, 13). The ball mill is fitted with an 
alcohol-tight gasket which allows the mill to be immersed in a dry ice-alcohol 
mixture as it turns. In this way crumbled bone is pounded to powder at very 
low temperatures. 


(3) Waring Blendor jacket (rIcuRE 14), The jacket for the cup allows 
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FicuRE 14. Waring blendor cup jacket. 
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FicurE 15. Bone extraction scheme. 


extraction of powdered bone surrounded by dry ice at a low temperature, thus 
avoiding the heat generated by the motor and blade motion. 

Using these instruments, bone which had been frozen at —20 C. was frag- 
mented in the bone mill, powdered in the steel ball mill, and extracted for 20 
minutes in the Waring Blendor and, overnight, in the refrigerator at 4° C. After 
centrifugation and filtration, the fluid portion of the extract was used as antigen 
for serological tests and immunization. The extraction scheme is illustrated in 
FIGURE 15. 

Protein content of extracts was estimated by using a Micro-Kjeldahl ni- 
trogen determination following protein precipitation with 10 per cent tri- 
chloracetic acid and using a conversion factor of 6.25. 

Serological studies were done using the precipitin and complement fixation 
reactions. Titers were recorded as final dilutions of antigen or antibody 
depending on the reaction used. 

Immunization consisted of three injections at weekly intervals with an 
appropriate amount of bone extract plus 50 mgm. of heat-killed tubercle ba- 
cilli, 10 gm. of water soluble ointment base, and 20 ml. of sterile mineral oil in a 
modified Freund type adjuvant. 
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Large male rabbits weighing 7 to 10 pounds and maintained on a diet of 


Pillsbury rabbit pellets and supplementary green vegetables were used through- 
out these studies. 


Experimental Results 

In the first series of experiments, animals were used in pairs, the one animal 
serving as a donor of both the graft and bone for extraction, the other asa graft 
recipient. The graft was frozen and stored at —20° C. prior to use. Serum 
specimens were taken from recipient animals prior to the grafting operation and, 
at weekly intervals, from 1 to 12 weeks following. Pairs of animals were 
sacrificed at weekly intervals from 1 to 12 weeks following grafting and the 
grafted limb was then removed for histological studies. The results of these 
studies have been described in the previous section. 

Antibody was not detectable in the sera of any animals by either precipitin 


Donor Animal No.: & 

Total Bone Extracted: 450 g. 

Protein Na in Extract (10%TCA): 0.39mg/ml. 

Protein tn Extract (estimated): 2.5.mg./ml/. 

Total Ne in Extract: 0.65/ mg/ml. 

Each Injection Consisted of Bone Extract: /Om/. | 
Killed Tubercule bacilli: 50mg. 
Aquabase : /Og. 
Mineral Oil: 2Om/. 


FicurE 16. Composition of immunizing material. 
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Ficure 17. Antibody and inflammatory levels in immunized and grafted animals. 
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test or complement fixation test when the homologous extract was used as test 
antigen. 

In the next series of experiments, pilot studies indicated that animals im- 
munized with bone extracts and subsequently grafted with frozen homogenous 
bone produced low antibody titers demonstrable by complemen t-fixation tests, 
and that these animals showed a markedly diminished inflammatory response to 
the graft. It seemed feasible, therefore, to establish temporal relationships as 
to the serological and histological picture of animals so treated. 

Animals were immunized with extract from pooled bone of eight donors. 
Sixteen grafts were taken from these donors. The composition of the im- 
munizing material is given in FIGURE 16. Bleedings were taken from recipient 
animals prior to and during the course of the experiments at weekly intervals, 
and pairs of recipients received grafts at 0, 1, 2, 3,4, and 5 weeks following the 
initiation of immunization. All animals were sacrificed three weeks following 
receipt of the graft, since it was at this time that the maximal inflammatory 
response had been demonstrated to occur (FIGURE 9). Results of these studies 
are given in FIGURE 17, where it may be seen that control animals grafted, but 
not immunized, showed no antibody and a marked inflammatory response, 
whereas antibody levels increased to a maximum at about five weeks following 
the initiation of immunization with a corresponding diminution in inflammatory 
response. F1GuRE 18 shows the inflammatory response around the graft of an 
animal grafted at three weeks following the initiation of immunization, which 
may be compared with an unimmunized animal (FIGURE 5). 

Further evidence for a specific immunological response was seen in the sera of 
one animal (FIGURE 19), in which what appeared to be a negative phase, fol- 
lowed by a secondary or anamnestic response, occurred after the animal was 
grafted at peak antibody titer. Unfortunately, it was impossible to obtain 
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Ficure 18, Three week homogenous frozen transplant in immunized animal 
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serum at the sixth week, and only a single animal in this group survived the 
operative procedure. A slight increase in inflammatory response was noted, 

FrcurE 20 shows graphically a compilation of the inflammatory responses in 
all animals immunized and subsequently grafted. Here it may be seen that a 
graded decrease in inflammation was noted as immunization progressed, with 
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Ficure 19. Antibody and inflammatory levels in immunized and grafted animal. 
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the exception of the animal grafted five weeks after the initiation of immuniza- 
tion. 
Conclusions and.Summary 


Fresh and frozen homogenous bone transplants in rabbits produce a foreign 
protein cellular inflammatory reaction which is maximum at three weeks. | The 
histologic features of the inflammatory reaction were described. A comparison 
of the inflammatory reaction to primary and secondary homografts demon- 
strated an increase and persistence of the reaction after three weeks. The 
findings are consistent with an incompatibility reaction to homogenous bone. 

A method for the extraction of soluble proteins from whole bone has been 
described which would appear to result in minimum denaturation and altera- 
tion. Using such extracts as antigen for serological tests, sera from animals 
grafted without immunization show no demonstrable antibody. On the other 
hand, animals immunized by using extracts and adjuvants produce antibodies of 
low titer demonstrable by complement fixation reactions. These antibodies 
appear to obey the laws of the specific antibody response. The immunization 
procedure results in a markedly diminished inflammatory response around a 
graft placed in the immunized animal, whereas primary grafting does not 
dispose a secondary graft to the same inflammatory diminution, but actually 
increases the inflammatory reaction. This increased inflammatory reaction to 
secondary homografts placed in the same animal suggests a situation similar to 
that observed by Medawar for secondary skin grafts. 
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Discussion of the Paper 


_ Docror C. AnpREW L. Bassrrr (Presbyterian Hospital, New York, N.Y.): 
Doctors Bontfiglio and Jeter are to be congratulated for this interesting pre- 
sentation. To my knowledge, this work represents one of the first definite 
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attempts to demonstrate the role of an immune response in bone homotrans- 

plantation. Since the earliest reports on bone grafting began to appear, 
orthopedic surgeons have continued to express a preference for fresh autogenous 
bone. As pointed out by Doctor Bonfiglio, however, the use of banked, 
homogenous bone is widely accepted. By using bank bone, the surgeon may 
shorten operative time, prevent pain and potential complications of a second 
operative site, and carry out extensive grafting procedures on patients who have 
insufficient quantities of autogenous bone. Interestingly enough, in clinical 
series such as those reported by Wilson and by Bush and Garber regarding the 
results of grafting frozen homogenous bone, the success rate is 85 to 90 per cent, 
or only slightly lower than that reported for fresh autogenous grafts. 

In experimental comparisons between autogenous and homogenous bone, 
there has been a slower incorporation of the homograft in the early phases of 
healing. However, the ultimate result is often the same, the only differences 
being those of rate. In an experimental series of cortical inlay grafts into dog’s 
radii, reported in 1951 by Kreuz, Hyatt, Turner, and Bassett from the Tissue 
Bank and Naval Medical Research Institute in Bethesda, it was noted that 
fresh autogenous and frozen and freeze-dried homogenous bone grafts were 
approximately equal, histologically, three months after operation. Graft 
replacement, it was noted, was carried out by a process of appositional new bone 
growth. Old islands of graft matrix were seen interspersed between the areas 
of new bone. No evidence of round-cell infiltration or accumulation was noted 
in the vascular channels, where active reorganization of homogenous matrix was 
taking place. Healing of all grafts was more rapid and functionally adequate 
than in a control bone defect. In more recent experimental studies on freeze- 
dried bone homografts, incorporation has been so rapid that we have begun to 
question whether freeze drying may alter graft ‘‘antigenicity.” 

How can we explain these results in the light of Doctor Bonfiglio’s findings? 
Several factors must be emphasized before the results just presented can be 
adequately evaluated. The rabbit is unpredictable in bone-healing studies. 
There are major differences in response to bone injury between male and female, 
adult and young, and even within comparable groups. It is reassuring that 


__only adult male rabbits were used in this study. Intact but. nonviable per- 


iosteum is a limiting factor to the normal vascular invasive phenomenon 
following bone grafting. Bone stored at —15 to —20° C is, in all probability, 
not frozen, and it is subject to major chemical changes. In regard to comment- 
ing on the immunologic results reported, I feel totally incompetent. However, 


I do wonder whether whole blood was excluded from the bone extracts used. 


With your permission, I should like, in closing, to indulge in a little specula- 
tion. Itis quite probable that fresh homogenous bone, when grafted, is subject 
to the same response so well demonstrated by other homogenous tissue grafts. 
There may be a period of graft rejection dependent upon either host or graft 
immunologic phenomenon. Following this reaction, however, the remaining 
homogenous bony matrix, now devoid of viable cells, may serve Its function. 
It then provides a stabilizing scaffolding for ingrowing, undifferentiated, 
mesenchymal cells which, in turn, may be induced to become osteogenic by the 
physiochemical status of the very lattice upon which they grow. 


IMMUNOLOGIC FACTORS IN HOMOGENOUS BONE 
TRANSPLANTATION. I. SEROLOGICAL STUDIES* 


By Paul H. Curtiss, Jr., and Charles H. Herndon 


Department of Orthopedic Surgery, Western Reserve University and University 
Hospitals, Cleveland, Ohio 


Introduction 


The successful use of relatively small amounts of homogenous preserved bone 
has been repeatedly demonstrated both experimentally and clinically. The use 
of massive homogenous bone grafts, with rare reported exceptions, has not met 
with the same success. In previously reported experiments on whole knee- 
joint transplants in dogs by one of the authors,' marked, consistent, gross, and 
microscopic differences were noted in the homogenous as compared with the 
autogenous joints. The former showed no retention of living cells, slow 
osteogenesis, and ultimate severe degenerative changes similar to those seen in 
avascular necrosis. 

The work reported here was done in an attempt to determine if these differ- 
ences in the behavior of autogenous and homogenous whole joints could be 
explained on the basis of an immunologic response to homogenous whole bone 
acting as an antigen. It has been reported as a clinical observation in the 
literature dealing with bone transplantation that incompatibility of blood types 
between the donor and recipient has no bearing on the success or failure of the 
graft. The authors, however, have been unable to find any experimental work 
that tends to prove or disprove this assumption in regard to bone transplantation. 
The presence of the A and/or B group specific substance as a source of potential 
incompatibility was an obvious starting point for experimental observations on 
the possible antigenicity of whole bone grafts, as bone transplants invariably 
contain varying amounts of blood. There is the additional possibility that 
bone tissue per se contains the A and/or B substance that is widespread in the 
tissues of persons of those types. 

The reports by Young et al,’:* on the determination of “blood groups” in 
dogs suggested a potentially suitable research animal. They have described 
five “types” occuring in dog red blood cells that were antigenically distinct, the 
most potent of which was the “canine A factor’ which was able to produce high 
titer “anti-A” antibodies capable of hemolysing A positive red cells rapidly 
both in vive and in vitro. Through the kindness of Doctor Lawrence E. Young 
and Doctor William A. O’Brien of the University of Rochester Medical School, 
a supply of “anti-A” serum was obtained which was used to type and classify 
dogs into “A positive” and “‘A negative” groups. The demonstrated ability of 
the “A”’ antigen to produce a potent “anti-A” antibody was the basic research 


tool used in the serological experiments reported here and in the histological 
experiments to be reported at a later date. 


* The investigations reported herein were supported, in part, by a grant from th i p 
Service and, in part, by the Cleveland Chapter of the Arthritis ree Rheuratea: toed PS ae 
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Serological Experiments 


(A) Dog bone in rabbits. Problem: Will the introduction of fresh het- 
erogenous bone into a rabbit from a dog whose red blood cells contain the “ca- 
nine A factor’ result in the production of a type specific antibody in the host 
animal against the “canine A factor” in the red blood cells of the donor? 

Experimental method: Twelve rabbits were used, divided into three groups of 

_foureach. Under sterile conditions, a paravertebral muscle pocket was made in 
which was placed the following preparations of bone from a dog whose red blood 
cells contained the “canine A factor.” Group I—whole fresh iliac bone; 
group I1—minced cancellous bone shaken thoroughly in repeated washings of 
sterile normal saline to remove as much blood as possible; group I1I—cortical 
bone from which the marrow had been mechanically removed. Each group of 
rabbits were bled from an ear vein or artery, and the serum was collected at 
regular intervals during a 12-week period. The serum specimens were stored 
in the frozen state at —20° C. until the end of the 12-week period, when two- 
fold tube agglutination* and adsorption? tests were done. 

Controls consisted of a group of five random unoperated rabbits, the serum 
from each of which was tested for agglutinins, by the method given above, 
against the red blood cells of two random ‘‘A positive” dogs (FIGURE 1). As 
was expected, cross agglutinations in low dilutions occurred frequently, but 
none ata dilution higher thani:4. Intheagglutination tests done on the serum 
of the operated rabbits, a control of 0.1 ml. of the test red blood cell suspension 
in 0.1 ml. of normal saline was used. 

It should be noted at this point that the designation of an “A positive” or 
an ‘‘A negative” dog refers to a dog whose red blood cells do or do not contain 
the ‘‘canine A substance.”” As shown by Young,” the A, B, C, D, and E sub- 
stances rarely occur alone, so that by the above designation is not meant a dog 
whose red blood cells contain only “pure A.”” The dog red blood cells used, and 
possibly the bone also, contained one or more of these other type specific sub- 
stances which can theoretically effect the development of an “anti-B,” “anti-C,” 
eic. Young has remarked on “‘the ease with which anti-C develops ... Gn LC 
negative” dogs) after transfusions of “‘C-positive” cells ... experience with the 

production of other canine isoantibodies has shown that, in general, they develop 

* Agelutination test. The frozen rabbit serum specimens were thawed and then decomplemented by heating 
at 56° C. for 30 minutes. Twofold dilutions with normal saline were made in small serology tubes, leaving 0.1 ml. 
of each dilution in each tube. To each dilution was added 0.1 ml. of a 3 per cent suspension of red blood cells 
(routine hematocrit determinations were done on all cell suspension to insure uniformity). Each serum was 
tested against three cell suspensions: (1) 3 per cent suspension of red blood cells from the donor dog in 50 per cent 
normal saline plus 50 per cent autogenous serum as suggested by Young; (2) 3 per cent suspension of red blood 

“cells from a random “‘A+”’ dog in the same suspending medium; and (3) 3 per cent suspension of red blood cells 

~ from the donor dog in normal saline. The tubes containing the rabbit serum plus red blood cell suspension were 
then agitated gently, allowed to stand for 15 minutes at room temperature, then centrifuged at 1500 rpm. The 


tubes were then shaken gently and examined for agglutination with the aid of a magnifying mirror and reflected 
i ing agglutination as one plus to four plus. ; ue eis 
eect test Pooled, packed red blood cells from four on ee : fous er ene! teu es 
i i : i shing the packed cells were added to the de a 
five times their volume of normal saline. After the last washing aes Ided | I 
i i : @ to 2 ml. rabbit serum. The rabbit 
bit serum to be adsorbed in a 1:5 ratio, i.e., 0.4 ml. cells added ) I a ; 
pe doe red blood cell mixture was then Placed ia an pe Ce tubes be gently ee ae 
i ix i S atant serum transferred to ac 
minutes. After one hour, the mixture was centrifuged, the sapetnoe 1 f is y a 
i a the process was repeated three times. e 
cells discarded. Fresh cells were added to the serum as above, an ; ) Cte ONG ke 
i ss 2 f adsorption was incomplete as evidenced by agglutin 
serum was then tested against ‘‘A negative cells and i Ce  Incomy t Bs a 
i i tained, indicating complete adsorption. hen 
tion, further adsorption was done until no agglutination was obt », ee: fend Bae 
is. i S for agglutinins against a 3 per cent suspension of re Y 
this result was obtained, the serum was then tested : BN ee ee deed ote 
i al saline from the donor ‘‘A positive’? dog. All cell suspensions i Ss gelu 
ee ae eerbod or adsorbed serum were further tested with dog Coomb’s (rabbit antidog globulin) serum. 
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FicureE 1. Agglutination test of ‘a positive” dog RBC’s by serum from random nonoperated rabbits. 


somewhat more slowly than anti-A and anti-C.” Although realizing the de- 
sirability of the use of pure “A positive” dogs (although Young did not find any 
such in testing 138 random dogs), the authors had neither the variety of typing 
serum nor the number of available dogs to find such animals. It was particu- 
larly for this reason that absorption tests were done, in an attempt to demonstrate 
the possibility that any antibody which developed in the rabbits was due to 
the “canine A factor” alone. Even here it must be pointed out that the dem- 
onstration of agglutinating antibody after adsorption with “A negative” 
cells (concerning the antigenic composition of which it was only known that they 
did not contain “‘A”’) may be due to the presence of a factor in the “A positive” 
red blood cell of the donor that was not contained in the adsorbing cells and 
hence not removed. 

Results: agglutination tests (FIGURES 2, 3,4). In all three groups there was 
a definite rise in titer of agglutinating antibody and a fall towards the end of the 
12-week period. This rise was seen in the serums tested against random 
“A positive” red blood cells, as well as against red blood cells from the ‘A posi- 
tive” bone donor dog. The use of autogenous dog serum in the red blood cell 


suspending medium did not appear to enhance the agglutination reactions since, 
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in both groups II and III, the serum tested against red blood cells suspended 
in normal saline showed the highest titer. 

To render the graphs more compact, the combined titers for each rabbit 
tested against each type of cell suspension are shown as geometric means. This 
method gives the most accurate average titer and enables the curve of the rise 
and the fall of the titiers to be graphed, but does not readily show the actual 
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titers that were obtained. In group IJ, the individual highest serum titer reached 
was 1:1024; in group II, it was 1:2048; and in group III, it was 1:1024, and 
even averaged out with the other serums in its group, these individual high 
peaks stand out. 

Results: adsorption tests (FIGURE 5). With one exception, no agglutination 
of “A positive” cells was found after complete adsorption of the serum with 
pooled ‘“‘A negative” cells. These data suggest that the agglutinating antibody 
demonstrated was not directed against the ‘‘canine A factor’ but, rather, had 
developed as a result of an antigenic stimulus by some other dog material 
present in erythrocytes and/or bone from dog. 

(B) Dog bone in dogs. Problem: Will the introduction of a large homogenous 
bone graft from a dog of “‘A positive” blood type into a dog of “A negative” 
blood type result in the production of antibodies against the red blood cells 
of the donor? 

Experimental method: Five pairs of dogs were used, an “A positive” and an 
“A negative” dog of approximately equal size and age constituting a pair. 
Using the technique previously described,! the left knee joints were inter- 
changed. Serum was collected from the “host’’(“‘A negative’’) dogs on the day 
of operation, two days, seven days, twelve days, eighteen days, and then weekly 
for a period of three months, being stored after collection in a deep freeze at 
—20° C. until completion of the time period. The serum samples were then 
tested against the red blood cells of the donor (“A positive’’) dogs for aglutina- 
tion as previously described for the rabbits, the suspending medium for the 3 per 
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Ficure 5. Adsorption tests on operated rabbit’s serum. 


cent red blood cell suspension being 50 per cent autogenous serum plus 50 per 
cent saline. 

Of the five donor-host pairs operated, six dogs survived as pairs. In the other 
two pairs, fortunately the ‘“‘A negative” dog survived and the collected serum 
- was tested with nondonor “‘A positive” dog red blood cells. 

Results: agglutination tests (FIGURE 6). Only two of the five “A negative” 
dogs showed evidence of the development of an agglutinating antibody and in 
- only one (CU 42) did it appear to be present in significant titer. Both of those 
were tested against red blood cells from the donor dog. 

Results: adsorption tests (FIGURE 7). These tests were done on the pooled 
serum specimens from dogs CU 42 and CU 55, the only two which had shown 
evidence of the development of an agglutinating antibody. In both of these 
specimens, however, in contrast with the findings in the rabbits, strongly 
positive agglutination (2 to 4 plus) of ‘‘A positive” cells was found, even after 
complete adsorption by “‘A negative’’ cells was proved. This finding suggests 
that a specific antibody against “A substance” had been formed, although the 
_ possible errors in this conclusion have been previously discussed. 
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FIGURE 7. Adsorption tests on operated dog’s serum. 


Discussion 


For detailed discussions of the problem of the homotransplantation of tissues 
other than bone, those interested may refer to several excellent sources,*: 5» & 
The concept that an antigen-antibody reaction may be the major mechanism in 
unsuccessful homotransplants is of course not new. This theory as applied to 
skin grafting has been studied by many, but most thoroughly by Medawar.7: 8: 9 
Medawar has proposed that resistance to homogenous skin grafts (in the rabbit) 
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belongs in the general category of actively acquired immune reactions, and he 
has suggested that its consequence is to upset the nucleus in such a way that cell 
division cannot be brought to completion. He has stated, however, that the 
_ “crucial evidence of the existence of specific ‘antibodies’ directed against the 
cells of the foreign graft is still to be found.” 

Loeb,‘ one of the foremost investigators in this field, has proposed another 
_ possibility—the presence of “individuality differentials . . . a substance in the 
body fluids of one individual which responds towards all the cells and tissues of 
another individual in accordance with the genetic difference between these 
two individuals. . . it is common to all the various tissues and organs of an in- 
dividual.” He has said ‘the primary factors determining the fate of trans- 
plants are the differences in the individuality differentials of host and trans- 
plant, these differences being preformed and giving rise to relatively slow and 
mild but, in many instances, gradually accumulating primary reactions against 
the transplants.” 

The possibility of a relation between blood types and the generally unsatis- 
factory results in homografting (except in bone, cornea, and cartilage) has been 
frequently proposed. Medawar" was not able to demonstrate red blood cell 
agglutinins following transplantation of skin in rabbits or any effect on homol- 
ogous grafts following red blood cell transfusions, but he did demonstrate that 
intradermal injections of leukocytes from the donor into the host provoked a 
typical complete immune reaction towards subsequent skin grafts from the 
same donor. He suggested that “leucocytes share antigens in common with 
the antigens of the skin.” 

Although the authors believe that often “‘originality is undetected or un- 
knowing plagiarism,” they have not been able to find in the literature any 
experimental studies concerning a blood group effect on bone homografting. 
In a series of excellent articles by Candela,” ’ however, he demonstrated that 
it is possible to “type” bone using a meticulous adsorption technique. By this 
method he was able to identify correctly, by blood type, nine out of nine test 
specimens submitted to him. He also described the successful “typing” of 
Egyptian mummy bone 3500 years old. However, his target material was 
cancellous bone, as “‘it is highly probable that the specific adsorption which 
~ makes these tests possible is accomplished entirely by the organic residues of the 
blood-forming elements of the red marrow, and of blood itself, remaining 7 
situ after death.” It is well known that human A and B substances are 
widely distributed in the tissues of persons with these types, but those sub- 
stances have not been demonstrated in bone devoid of cellular elements. It 
does seem extremely unlikely that a tissue which is only 30 per cent organic 
could act as much of an antigen, but work remains to be done on the antigenic 
potentials of the organic constituents of bone. _ ple 

Practically, however, when one employs bone in homografting, it is as an 
organ, complete with marrow and other cellular elements, rather than as an 
acellular tissue. Whether the contained cells are alive or dead is unimportant, 
as the A and B substances are very persistent and could function, theoretically 
at least, as potential antigens. In two of the rabbit experiments described 
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above, an attempt was made to remove most of these cellular elements, but the 
claim is not made that removal was complete. Certainly an agglutinin titer 
developed as readily in these animals as in whose in which was placed whole 


ilium with its richly cellular marrow.* 
Summary 


(1) The subcutaneous insertion in the rabbit of whole iliac, washed iliac, and 
cortical bone from an “A positive” dog resulted in the formation of high titer 
agglutinins against dog red blood cells. Adsorption tests did not demonstrate 
any specificity of these agglutinins for the ‘canine A factor” in dog red blood 


cells. 
(2) Two out of five ‘A negative” dogs in which were transplanted a knee joint 


from an “A positive” dog, developed low agglutinin titers against the donor 
dog’s red blood cells. Adsorption tests on the sera of these two dogs suggest the 
possible specificity of the agglutinins for the “canine A substance,” although the 
possibility of the agglutinin being attributable to a factor other than A was not 
excluded. 

(3) Transplanted dog bone or its contained cellular elements appears to act 
as an antigen, but no relation between that action and the “blood type” of the 
donor dog could be established with certainty. 
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OVARIAN HOMOTRANSPLANTATION 


By P. L. Krohn 


Department of Anatomy, University of Birmingham Medical School, Birmingham, 
England 


While it seems clear that the development of an immunity reaction provides a 
sufficient explanation for the sequence of events that follows homotransplanta- 
tion of many tissues, even a casual survey of the literature relating to the graft- 
ing of endocrine tissues immediately gives one the impression of a much more 
confused state of affairs, in which reports that autografts sometimes fail are 
followed by statements that homografts often survive and that heterografts 
sometimes survive. This statement remains true even when one has taken into 
account the complicating effects on the physiological activity of endocrine 
grafts that are introduced by using heterotopic transplantation. 

The generalization which is most commonly used to cover the field of en- 
docrine grafting was provided by Halsted almost 50 years ago. According to 
his idea, endocrine tissues can be grafted satisfactorily only when there is an 
absolute physiological deficiency of their secretions in the host. Halsted 
worked on the parathyroid gland, and his “‘law’’ was subsequently extended by 
others to cover the responses of other endocrine organs, including the ovaries. 
In its modern and rather weakened form, complete absence of the host’s own 
endocrine organ is considered to be an advantage only, and not an essential 
requirement for the survival of grafted tissues. 

It is important to realize that all of the successful grafts on which Halsted 
based his proposition were autografts. He himself reported that homografts 
of parathyroid tissue did not survive. The scope of his generalization was 
nevertheless widened so that it came to cover the case of homografts as well. 

At about the same time, or even before Halsted was working, the fate of 
ovarian homografts was being thoroughly investigated in Italy by Foa (1900, 
1901) and by Herlitzka (1900). Both these workers believed that homografts 
of adult ovarian tissue did not survive, and they were highly critical of other 
work which purported to demonstrate survival. [oa believed, however, that 


~ ovarian tissue from newborn donors into mature but not into old rabbits often 


did survive. 

Probably the most notable work since the pioneer effort of Foa is the much 
more recent publication of Harris and Eakin (1949), on the fate of ovarian 
grafts of all types (autografts, sibhomografts, intrastrain homografts, inter- 


-~ strain homografts, and heterografts). These investigators found that hetero- 


grafts never survived, and that genetic differences between host and donor 
were always important in determining the chances of survival. In addition, 
they suggested that bilateral ovariectomy increased the proportion of surviving 
grafts even in interstrain homografts. 

Some of my own experiments, also using rats, confirm the view that ovari- 
ectomy helps the survival of sibhomografts but provide no evidence that 
spaying helps interstrain homografts to survive. Any advantage that spaying 
can give to grafts between closely related animals is either lost or cannot be 
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detected when a full scale reaction develops against a homograft from another 
strain. The degree of cellular infiltration into and around the grafts also 
varied with the closeness of the genetic relationship. In this experiment, the 
presence of the smallest amount of recognizable ovarian follicular tissue, in the 
specimen removed 21 days after grafting, was sufficient to classify the graft into 
the group of survivors. Such a criterion for successful grafting is obviously as 
easy to satisfy as one could make it. Even the best grafts, however, appeared 
unlikely to survive very much longer. 

There are, indeed, two main difficulties in assessing the condition of endocrine 
homografts. The first is the practical impossibility of taking serial biopsies of a 
set of grafts in the way that one can with skin grafts. Consequently, one cannot 
estimate an exact breakdown time for a set of grafts in one host, but only the 
proportion of grafts that survive in separate experiments at chosen time in- 
tervals after grafting. My own observations are mostly based on histological 
examination made 21 days after grafting. Most of the results reported by 
Harris and Eakin are similarly based on the histological appearance of the 
grafts 30 days after grafting. Choosing a longer period of time before the 
grafts are examined leads to a higher proportion of failure and hides any of the 
finer differences in behavior between the homografts in spayed and normal 
hosts. The second difficulty is to assess the viability of a graft, especially since 
the ovary has both endocrine and oogenic functions to discharge. The pre- 
sence of vaginal cornification and of oestrous cycles can sometimes be used to 
test for continued production of hormone, provided that the experiment does 
not involve the injection of other hormones, and that one realizes that the 
adrenal cortex is capable of taking over the secretion of ovarian steroid hor- 
mones. It may also be possible, though I have not yet had much success in the 
attempt, to graft back into the original donor tissue which has spent a time in 
the foreign environment of the host. 


The Biological Basis for Halsted’s Law 


' Attempts to convert the undefined “physiological deficiency” of Halsted’s 
law into something more exact are usually based on the well-founded belief that 
the amount of circulating pituitary trophic hormone rises after the removal of an 
endocrine gland. As Deanesly (1954) remarked in London last year, the pres- 
ence of the pituitary seems to enable a homograft to laugh at the immunity 
reaction. 

One might therefore expect that the injection of gonadotrophin would im- 
prove the chances of survival of ovarian grafts. In some further experiments, 
daily doses of 10 ILU. PMS, 3 ug. oestradiol benzoate, or the two hormones 
together, have been given to rats receiving homografts. Each of these treat- 
ments increased the proportion of grafts surviving at 21 days. At its face 
value, the experiment would certainly seem to indicate that gonadotrophin is 
beneficial, but the fact that oestrogen was almost equally effective suggests that 
the result may not have been a specific effect of the pituitary hormone. The 
experiment also shows that spaying, if it really does benefit a homograft, does 


not do so by removing any toxic effect that oestrogen, normally produced by the 
ovary, might be supposed to have. 
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Harris and Eakin suggested that grafted tissue which had been stimulated to 
grow by the extra gonadotrophin available after spaying either absorbs or 
produces something which neutralizes antibody, but they provide no evidence 
for such a process. In any case, skin homografts grow very rapidly during the 
early days after grafting but are not thereby protected from the immunity 
reaction. Other tissues such as the epithelium of the vagina are sensitive to 
another type of growth stimulus—oestrogen—but the injection of oestrogen 
does not enable homografts of vaginal tissue to survive appreciably longer than 
do homografts which have not received this growth stimulus (Krohn, 1954). 

The sort of explanation in terms of pituitary hormone production that has 
been outlined above might be satisfactory when one is dealing with autografts 
of endocrine glands that are known to be under pituitary control, but it clearly 
will not do for glands such as the parathyroid, which have no known relation to 
the pituitary. 


Explanations for the Anomalous Survival of Endocrine Homografts 


Various other suggestions have been put forward to explain the apparently 
anomalous results that are obtained when endocrine tissues are homografted. 

It is conceivable that endocrine tissues are not in themselves antigenic, but 
this view seems inherently improbable, and it is better to keep such an explana- 
tion in reserve until all other possibilities have been considered and found un- 
satisfactory. 

Generally speaking, the amount of endocrine tissue grafted is very small in 
relation to the size of the host. Dosage of graft tissue is known to influence the 
extent and violence of the immunity reaction to other sorts of homograft, and it 
may be that the small size of the grafts of endocrine tissues is responsible for 
the slow development of only a slight response. The problem is clearly amen- 
able to experimental investigation. 

Alternatively, the antigenic make-up of the graft, when it begins to grow 
under the stimulus of trophic hormone, might become sufficiently modified for 
it to be more acceptable to the host. This idea is in keeping with attempts that 
have been made to improve the results of transplantation by a preliminary 

culture of grafts in media derived from the fluids of the future recipient, but the 
- Jack of success in such experiments does not encourage confidence in the hy- 
pothesis on which they have been based. 


Ovarian Homotrans plantation in Mice 


It is clearly important to attempt to decide whether the responses of en- 
docrine tissues to homografting are anomalous or not. A special study of the 
response to ovarian homografts has therefore been made in inbred mice, using 
two entirely different strains for hosts and donors. The general plan of the 
experiment was as follows: The recipient animals were spayed and, immedi- 
ately afterwards, each received two ovaries from a donor mouse. These grafts 
were usually implanted into the connective tissue surrounding the femoral ves- 
sels and were allowed to remain for 6, 9, 12, or 15 days. The two grafts were 
then recovered, and one of them was fixed for histological examination, The 
other graft was transplanted back into the groin of the mouse from which it had 
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originally come. It was hoped that this method could be used as a biological 
test of survival in addition to the histological test. Another pair of ovaries 
from a litter sister to the original donor were then grafted into the host, which 
was allowed to survive for a further period of 6, 9, 12, or 15 days. The second 
set grafts were then recovered, the one being prepared for histological examina- 
tion and the other returned to the original donor. Control experiments, in 
which autografts were allowed to remain for similar lengths of time, were carried 
out simultaneously in other mice. It was clear from the results of the experi-_ 
ments that most of the normal organized ovarian structure had been destroyed 
as soon as six days after grafting, but there were still groups of surviving gran- 
ulosa cells. At nine days, follicular cells only rarely survived and, by 12 days, 
the ovary was destroyed and showed a generalized infiltration with round cells. 
Second set grafts into the animals whose first set grafts had remained for six 
days did not show any obvious speeding up of destruction, but if the first set 
had been in the host for 9 or 12 days, the results indicated that the second set 
grafts were being destroyed more rapidly. By a fortunate accident, one mouse 
died two days after it had received a second set of grafts. It was possible to 
recover these grafts soon after death and to transfer them into the original 
donor. Fourteen days later they were surviving satisfactorily. It is evident, 
therefore, that a stay of 2 days in the foreign “immune” environment is in- 
sufficient to have any permanent effect on the grafts, and that grafts can sur- 
vive the technical insults of the two grafting operations that are required by the 
conditions of these experiments. 

The grafts that were returned to the original donors never regenerated normal 
ovarian structure. Only those grafts which had spent six days in the foreign 
environment showed any survival and, even in such animals, there was sur- 
vival only of small unorganized groups of granulosa cells. 


Discussion 


It seems unnecessary to believe that the natural history of an ovarian homo- 
graft differs significantly from that of other homografts, or to invoke special 
causes to account for the facts. The ultimate fate of endocrine homografts, as 
exemplified by grafts of ovarian tissue, seems to be no different from that of any 
other tissue. Confusion of terminology must be held responsible for many of 
the seemingly anomalous results. Such difficulties had arisen even 50 years 
ago, for while Foa uses the terms homograft and heterograft in the way that we 
should, Herlitzka calls a homograft what would now be called an autograft, and 
a heterograft what we should call a homograft. The meaning of the word 
homograft continues to be misinterpreted, and successful grafting of tissues 
from one member of an inbred strain to another, perhaps even within the same 
litter, is still apt to be regarded as proof that homografts may survive. Such 
homografts are in no sense comparable with the sort of homograft used in skin 
transplantation studies where every effort is made to ensure maximum genetic 
dissimilarity. 

But while ovarian homografts do not survive permanently, there is good 
evidence that treatment may retard the progress of the homograft reaction. 
Looked at in this way, a parallel with experiments on skin homografts becomes 
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evident. A number of agents such as cortisone, irradiation with X rays, or 
pregnancy are known to modify the homograft reaction to skin and to slow it 
down. In each instance, the effect of the treatment is probably to increase the 
amount of circulating corticosteroids. The improved chances of temporary 
survival of ovarian grafts after spaying can be explained by suggesting that the 
stress of operation, which is known to increase adrenal weight, temporarily 
stimulates the output of cortical hormones and thus inhibits, for a time, the 
development of immunity. Many years ago, indeed, Little (1920) reported 
that tumors took better if they were grafted immediately after an operation. 
The effects of oestrogen and gonadotrophin might be explained in similar terms 
because both, at any rate in some circumstances, can stimulate activity in the 
adrenal cortex. If this general view is correct, it would be necessary, at least, 
to show that cortisone can modify the response to ovarian grafts as it can the 
response to skin homografts. Further experiments have shown that it does so 
(Ingram and Krohn, 1954). 

The virtues of this suggestion are twofold. First, it brings the behavior of 
endocrine homografts into line with that of other tissue homografts and, second, 
it provides a basis for the setting up of further experiments. If it is correct, 
then one would expect any surgical procedure of equivalent severity to modify 
the homograft reaction. One would also expect that the effect of spaying 
would not be specifically restricted to helping ovarian homografts, but would 
also help grafts of the thyroid, for example. Grafts of endocrine tissue should 
also take better in pregnant animals or after X irradiation. 

Nowadays, the fate of skin exchanged between two animals might very well 
be used to decide whether host and donor were homozygous, for it is accepted 
that homografts of skin do not survive. It is therefore interesting to read that, 
in 1936, Nilson in a joint paper with Ingle on adrenal homografts wrote, ‘It 
was suggested by one of us that acclimatization of transplanted glands may be a 
function of genetic similarity and that the survival of homoplastic transplants 
could be used as an index for determining homozygosity in inbreeding ex- 
periments.’”’ Evidently Nilson and Ingle were satisfied that another endocrine 
tissue, the adrenal cortex, is just as susceptible to the general rules that govern 

_the transplantation of homografts as, in my opinion, the ovary is. 
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THE ACQUIRED IMMUNITY CONCEPT IN KIDNEY 
HOMOTRANSPLANTATION 


By Morten Simonsen 


Institute for Pathological Anatomy, University of Copenhagen, Copenhagen, 
Denmark 


When I was first invited to participate in the very stimulating conference on 
which this monograph is based, I was asked to prepare a paper which would 
further clarify or refute the hypothetical acquired immunity concepts of 
Medawar. As regards the dog kidney, which has been, for several years, the 
organ on which I have chosen to work, we have already published evidence that 
this particular organ behaves, in grafting experiments, in perfect accordance 
with the Medawar conception. When a kidney was transplanted from one 
normal dog to another, then removed after three or four days, and replaced by 
the second kidney of the same donor, the latter kidney regularly disintegrated at 
the faster rate than the former, and we described the typical histology of these 
two categories of kidneys. We saw also that if the second kidney originated 
from a donor other than the donor of the first kidney, it did not break down at a 
faster rate than the first one. This finding appeared expecially convincing in 
cases where, after removal of the first kidney transplant, two successive kidneys 
were simultaneously grafted to the recipient, the secondary kidney originating 
from the first donor, and the other from an unrelated donor. We found, 
moreover, that a whole spleen transplant would accelerate the disintegration of 
a subsequent kidney from the same donor in the same way as would a previous 
kidney transplant. A single experiment suggested that skin would also im- 
munize against a kidney transplant from the same donor. This finding, how- 
ever, has been much more beautifully shown in independent experiments made 
by Dempster, who found not only that skin grafting would immunize against 
kidney from the same donors, but also that kidney grafts immunized against 
skin. 

All circumstantial evidence, accordingly, is that antibodies are involved in 
the destruction of a kidney transplant. Moreover, we can say for certain that 
such antibodies display a considerable individual specificity and are not con- 
fined, either in origin or action, to kidney substance. These individual- 
specific antibodies contrast with those kidney antibodies that are formed by 
transplanting kidneys into foreign species, because such antibodies have no 
individual specificity, either in origin or in action. 

I hope you will now allow me to discontinue commenting directly on the 
validity of Medawar’s conception of kidney homotransplantation. I wish at 
this point to describe experiments which are still in progress and findings which 
are still insufficiently explained. Let us discuss the question of individual 
specific antigens shared by the kidney and the erythrocytes, and the crucial 
problem of selecting a suitable donor for a given recipient. In earlier ex- 
periments, we found a formation of rather weak incomplete antibodies in the 
recipient’s sera which agglutinated the donor’s cells. Such a finding ob- 
viously might be explained by antigenicity of the blood contents of the kidney, 

448 


Simonsen: Immunity in Kidney Homotransplants 449 


which is by no means negligible and need not therefore be indicative of shared 
antigenes between erythrocytes and kidney. 

In recent experiments made in collaboration with Neimann S¢renson and A. 
Gammeltoft, we have proceeded in this way: we selected dogs for operation 

according to the A-blood group described by Young and his co-workers. In 
each experiment, the donor was A+ and the recipient A—. Recipients were 
immunized by repeated intravenous injections of full blood or, in one experi- 
ment, of a 50 per cent suspension of erythrocytes washed three times and ren- 
dered practically free of leukocytes by a process of combined centrifugation and 
cotton adsorption. Immunization was continued till good titers of anti-A were 
obtained, requiring a total amount of 50 to 150 cc. injected over a period of 
from two to four weeks. Two to ten days after the last injection, a kidney was 
transplanted from the blood donor. Technically successful experiments com- 
prised two transplantations after full-blood injections, and one after erythrocyte 
injections. In all three cases, the kidney disintegrated at a faster rate than in 
the case of any homologous dog kidney transplanted to a normal recipient in 
our series. The kidneys transplanted after full-blood injections were actually 
destroyed in 12 hours. In the case of erythrocyte injections, the kidney stopped 
secreting after three days, and displayed a pathoanatomical lesion like the one 
seen earlier in kidneys after a previous transplant of kidney or spleen from the 
same donor. Although we expect to repeat the experiment with the leukocyte 
and plasma-free erythrocyte suspension, we do not doubt that both full blood 
and erythrocytes alone can immunize against kidney from the same donor. 
Much greater difficulties are encountered in attempting to ascertain whether or 
not the A antigen on red cells is among the responsible antigens or not. The 
best positive evidence, we thought, would be to demonstrate, if possible, a fall 
in anti-A titer in the recipient’s blood after passage through the kidney. Blood 
samples were drawn from the renal artery immediately before circulation was 
re-established, and from the renal vein after the first 40 to 50 cc. of blood pass- 
ing through the kidney had been collected and thrown away, and the vessels had 
been clamped for another five minutes in order to facilitate the absorption of 
the antibodies by the kidney. One hour later the vessels were clamped again 

_for five minutes, and a new venous sample was taken. All samples to be com- 

_ pared were tested simultaneously. As agglutination techniques are admittedly 
very crude, a more sensitive test based on complement hemolysis and spec- 
trophotometric reading of 50 per cent hemolysis values was developed. In 
spite of all this effort, however, no significant fall could be demonstrated. We 
_also tried to ascertain, in vitro, if antibodies formed against the purified positive 
erythrocyte suspension could be absorbed by blood-free kidney homogenates 
that were insoluble in water. Simultaneous testing of homogenates from A+ 
and A— dogs, however, gave nothing but an unspecific partial absorption by 
both the negative and positive kidneys. 

It deserves mention that we made a fourth experiment of the same kind, in 
which the kidney was retransplanted in the donor after one hour’s stay in the 
immunized host. In spite of no technical difficulties, the kidney apparently 
never secreted, and was found completely necrotic four days later, a condition 
never attained by kidneys retransplanted to the donor after one hour, or even 
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three to four days, providing the host had not been previously immunized. It 
accordingly seems that considerable amounts of operative antibodies were 
absorbed by the kidney, though the anti-A titer was not significantly reduced. 
It would have been interesting, under such circumstances, to have radio- 
labeled the serum proteins of the recipient and to see what radio-activity re- 
mained in the kidney after retransplantation. 

We also tried another way to test the significance of the A-blood group. 
Kidneys from A+ donors were removed and thoroughly perfused with sa- 
line until they seemed to be blood-free. Benzidine reaction on the homo- 
genate showed that the remaining actual blood content had a magnitude of 
0.1 cc, of packed blood cells for a whole kidney. The kidneys were divided in 
several parts and injected twice weekly subcutaneously as Waring Blendor 
homogenates. In one of the three cases we observed a distinct formation of 
antibodies reacting with blood cells of the donor and also with three other A+ 
dog cells tested, but the antibodies were peculiar in that they could be absorbed 
only by the donor cells and by one of the three other A+ cells. The antibodies 
neither agglutinated A— cells nor could they be absorbed by them. Even 
assuming that these antibodies were produced against the tiny quantities of 
blood cells left in the perfused kidney, it would be highly improbable that such 
quantities would allow the washed homogenates to empty the antisera in ab- 
sorption tests. In this case, it really looks as if an antigen similar to the A- 
blood group has been demonstrated in the kidney. In two other experiments 
of the same kind, no demonstrable A antibodies appeared. In one case where 
agglutinates appeared, and in another case where agglutinates failed to appear, 
the second kidney from the donor was transplanted to the immunized recipient. 
In the former case, secretion apparently stopped after 24 hours and the graft 
was removed. Although histology showed an accelerated damage, it did not 
indicate complete destruction of the kidney. In the latter case (where no anti- 
bodies could be found), the fate of the transplant was clearly that of a primary 
transplant, and the kidney secreted for eight days. 

Accordingly, although we have some evidence of an important relationship 
between antigens of kidney and erythrocytes from one case of immunization 
by blood-free kidney, we must conclude, so far, that the bulk of evidence is 
against the idea that anti-A antibodies are important to transplantation im- 
munity. 

Another point worth making is that the gene determining a particular eryth- 
rocyte antigen, as, for example, the canine A, might conceivably determine 
in the kidney, the skin, e/c., a qualitatively different antigen for which the 
erythrocyte antigen would nevertheless be a marker. If this assumption is 
correct, one would expect heavily immunized A— dogs to discriminate tissue 
originating from A+ and A— donors other than the one used for immunization. 

Finally, I should like to say a few words concerning the hypothesis which I 
formulated in my thesis, mainly on the basis of histological investigations that 
not only is the host forming antibodies against the transplant, but that the 
latter is also forming antibodies against the host. 

To check this hypothesis by serological means is a problem which interests 
me very much at present. It seems obvious that no organ would be better 
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suited for this purpose than the spleen, whose strong antibody-producing 
capacity is beyond doubt, and which is comparatively easy to transplant. 
Suppose that a spleen has been transplanted to a host which has a blood group 
antigen which the donor lacks. You would expect the splenic graft to form 
antibodies which would react with the blood cells of the recipient, possibly 
giving a hemolytic anemia, or a positive direct reaction to a Coombs test, or 
both. 

In a single case of spleen transplantation already described in my thesis, we 
found the recipient cells to be sensitized for an antiglobulin serum. 

A recent paper by Eyquem and Oudot in France, dealing with spleen trans- 
plantation in goats, repeats not only the positive result of a direct Coombs 
test, but describes also the finding of a strong agglutinin against recipient cells 
in extracts of the transplanted spleens. The authors, however, did not ascer- 
tain the specificity of the phenomenon, and globulin constituents other than 
specific group antibodies might imaginably be released from a disintegrating 
organ. 

In experiments recently started at the Pasteur Institute in collaboration with 
Doctor Eyquem, we replaced the left kidneys of A+ dogs by the spleens of A— 
dogs. Our preliminary findings show the development, one week after the 
positive result of a direct Coombs test, the appearance of autoagglutinins in 
the serum of the recipient, which also displayed a severe anemia. This result 
coincided with the disintegration of the splenic graft. The exact nature of 
these changes remain to be ascertained. I wish to conclude, however, by 
emphasizing how important it is to get a clear answer as to whether or not 
transplanted tissue is capable of initiating an antibody formation. If trans- 
plants do form antibodies, it is of obvious importance in tissue transplantation. 
Tf they do not, it is even more interesting, and we shall be obliged to ascertain 
whether autonomous innervation of the organs is indispensable for the initiation 
of antibody formation, or whether it is a matter of eventual immunological 
fatigue. 

As the acquired tolerance phenomenon which Professor Medawar mentions 
elsewhere in this monograph seems to me to represent the future of trans- 

_plantation biology, I wish to make a comment on acquired tolerance in kidney 
transplantation. When we saw the papers of the Medawar-Billingham group 
on successful skin homotransplantation in dizygotic calf twins, we decided to 
see if a whole kidney graft would also take in such individuals. ; 

We found in Denmark a pair of calf twins with a clear-cut mosaic in respect 
to the A-blood group of the cattle. In collaboration with Doctors A. Gammel- 

~ toft and Neimann S¢rensen in Copenhagen, a kidney from one twin was tran- 

splanted to the neck of the other, the latter having one of its own kidneys 

removed. The operation was performed on September 23, 1953, and when I 

saw the recipient in Copenhagen a few days ago, it still secreted plenty of urine 
from the neck kidney, the creatinine clearance of which was 50 per cent of that 
of the calf’s own kidney in the belly. So it really seems that the phenomenon of 

a tolerance acquired during fetal life also extends to the kidney. 
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Docror Davip M. Hume (Naval Medical Research Institute, Bethesda, Md.): 
I should like to congratulate Doctor Simonsen on the excellent work he has 
done in the investigation of the immune mechanisms in renal homograft 
destruction and in the search for red blood cell antigens which may be identical 
with those involved in the transplant reaction. 

Our own interest has centered around the response of the homografted kidney 
in the human. My colleagues, Doctor John Merrill, Doctor Benjamin Miller, 
Doctor George Thorn, and I began this study three years ago with the hope 
that it might shed some light on the following points of comparison between 
renal transplants in the human and those in experimental animals: (1) the 
intensity of the homograft destruction and its speed of development; (2) points 
of similarity or dissimilarity in the microscopic changes accompanying the 
destruction; (3) the effect, if any, of the patient’s disease on the changes 
observed; and (4) the maximal degree of function obtained. 

The transplants were all carried out in terminal patients afflicted with chronic 
renal failure, and all the patients ultimately succumbed to their disease. In all 
cases but one, the kidney was transplanted to the thigh, and a skin ureterostomy 
was done so that accurate urinary collections and renal function studies could 
be carried out. 

Five of the nine cases never developed measurable function, for a variety 
of reasons. Four of the cases functioned for periods varying between 5 weeks 
and 54% months. The following observations were made: (1) destruction of 
the homografted kidney in the human is much slower to develop and less violent 
than in the experimental animal; (2) in general, the pattern of homograft 
destruction in the human is similar to that seen in the dog, qualititively; (3) in 
two cases, changes occurred which were different from those seen in our other 
cases or in the experimental animal—(a) severe glomerulonephritis developed 
developed within 38 days in a homografts performed in a patient with poly- 
arteritis nodosa, and (b) marked atheroclerosis of intrarenal vessels occurred in 
183 days in a transplant placed in a patient having severe hypertension; (4) 
transplanted kidneys, ischemic for 14 minutes to 314 hours, were able to develop 
function for a time which, while not normal, was good enough to maintain the 
patient. In one case, this function persisted for 544 months—a much longer 
period than that seen in the experimental animal. It is possible that severe 
chronic azotemia reduces the immune response to the transplanted kidney. 

It is of some interest that the patient in whom the transplant functioned for 
the longest time received multiple transfusions without any demonstrable ill 
effect on the transplant. 

While agreeing with Doctor Simonsen that it is important to try to find a 
correlation between blood-cell antigens and tissue compatibility, I cannot share 
his optimism in believing that detailed blood typing will ever lead to great 
practical value in human renal homotransplantation. It is extremely difficult 
to find suitable kidneys for transplantation even from donors of the same ABO 
and Rh types, not to mention those who share many more antigens. 


THE IMMUNE CONCEPT: ITS RELATION TO CORNEAL 
HOMOTRANSPLANTATION* 


By A. Edward Maumenee 


Division of Ophthalmology, Department of Surgery, Stanford University School of 
Medicine, San Francisco, Calif. 


The concept that tissue homotransplants in adult mammals are destroyed 
because of an acquired immunity of the host to the donor material has been 
thoroughly discussed in previous papers during this symposium. It is the 
purpose of this communication to define the relation of corneal homotransplants 
to this immune concept. 

In the past, it has frequently been suggested that the cornea was a tissue 
which would survive permanently when homotransplanted and which would 
not be affected by the immune response of the host. Recent experiments, how- 
ever, have shown that corneal tissue is not only capable of producing an immune 
response in the recipient animal but is also affected by this response. 

Some of the reasons why corneal transplants were thought to survive can be 
summarized briefly. First, corneal transplantation in man is a practical, well 
established procedure. Barring a mechanical displacement of the tissue or 
bacterial infection, the graft always ‘‘takes” and a fibroblastic proliferation 
produces a watertight closure between donor and recipient tissues. Next, in 
a high percentage of cases, the graft remains transparent. It does not differ 
in its final state, either clinically or histologically, from normal corneal tissue. 
Finally, even those grafts which become opaque rarely slough or become ne- 
crotic as do other grafted tissues. Thus, on the surface, it appears that corneal 
grafts donot respond to or elicit the same type of reaction in the recipient as do 
other grafted tissues. If one examines the clinical results of corneal grafting 
more closely, however, a similarity of response can be found in many instances. 
It is true that homocorneal grafts performed on eyes with avascular corneas will 
remain clear in 85 to 90 per cent of the cases (FIGURES 1 and 2). For the mo- 


_ ment, it will be accepted that these grafts do not act as other grafted tissues. 


If a graft is placed in a vascularized cornea, however, the percentage of clear 
grafts is reduced to 50 per cent or less, depending upon the degree of vascularity 
of the cornea. The grafts which will eventually become cloudy in this group 
cannot be distinguished during the immediate postoperative period from those 
which will remain clear. After a varying period of time, from two weeks to two 
years, a sudden opacification of the tissue occurs (FIGURES 3, 4, and 5)" ‘The 
surrounding recipient cornea participates only slightly in this response and re- 
mains as translucent as it was before the opacification of the graft occurred. It 
is this type of delayed clouding of a corneal graft which is comparable to slough- 
ing of a homoskin graft or the necrosis of kidney homotransplants. 


* The investigations reported herein were supported by a research grant from the National Institutes of 
Health, United States Public Health Service. 
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Ficure 1. An avascular opacity of human cornea. Groenouw’s hereditary dystrophy. 


FIGURE 2. Same eye as in FIGURE 1. 


Clear corneal homograft two years after operation. 


Reasons for Difference in the Immune Response in the Cornea 
Compared to Other Tissues. 


In order to understand why corneal grafts do not respond to the immune 
reaction in a manner identical with that of other grafted tissues, it is necessary 
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FicureE 3. An opaque corneal graft which has been invaded by blood vessels. 


hha 


oe ie ae v4 oe 


s Wie RRs 
Ficure 4, Same eye as in FIGURE 3. Second homocorneal graft with clear graft one month after operation. 


to review some of the peculiarities of the cornea. First, the recipient cornea is 
frequently either avascular or relatively avascular when compared to other 
areas of the body. Next, the cornea is dependent upon blood vessels at the 
limbus of the eye for its nutrition and not on the abnormal vessels which may be 
present in a diseased cornea. Finally, there is the mechanical structure of the 
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Ficure 5. Same eye as in FIGURE 3. Delayed clouding of second corneal graft. 


cornea. Roughly, the cornea is only 0.5 to 0.8 mm. thick and can be divided 
into three zones: a stratified squamous epithelium; a wide zone of collagen 
fibers which comprises over 90 per cent of the entire thickness of the cornea and 
contains only relatively few fibroblasts; and, finally, a single layer of endothelial 
cells on the posterior surface of the cornea. The epithelium and endothelium 
are attached to glassy membranes on the front and back surface of the stroma by 
a cement substance. 

If we assume that homografts in general are destroyed by an immune re- 
action, and that this immune reaction is elicited in the recipient by antigens 
either produced by or contained in the transplanted cells, then the pecu- 
liarities of the cornea just mentioned become vital factors in the apparent con- 
tinued survival of corneal homografts. 

First, the avascularity or relative avascularity of the cornea is important, for 
it has been shown by Medawar' and also by Billingham and Boswell? that 
vascularization of the transplanted tissue is essential before the immune re- 
sponse is capable of producing a destruction of the grafted tissue. Next, the 
fact that the nutrition of the cornea is derived from blood vessels at the limbus 
and from material obtained from the aqueous would explain why an occlusion 
or thrombosis of the abnormal vessels in a corneal graft would not produce a 
sloughing of this tissue. In other tissues, an occlusion of the blood vessels in the 
region of the graft would produce a gangrenous necrosis of the transplant. 

The mechanical structure of the cornea is important when one considers the 
amount of corneal tissue which actually survives corneal transplantation. 
Histological examinations’ of mechanically successful corneal transplants to 
avascular corneas in the rabbit reveal that the epithelium of the graft is re- 
placed by epithelium from the recipient. It is more difficult to be certain of the 


Maumenee: Immunity and Corneal Homotransplants 457 


fate of the endothelium but this tissue is probably also replaced by that of the 
recipient. The stroma, that is, Descemet’s membrane, Bowman’s membrane 
the collagen fibers, and the keratocytes appear to survive. There is some 
evidence that a few donor keratocytes are replaced by cells from the recipient 
during the first few weeks after grafting, but at no time during the postoperative 
course is there a massive destruction or replacement of these cells. 

Tt should also be pointed out that the entire cornea is usually not trans- 
planted, but only a central button measuring 4.5 to 8 mm. in diameter is used. 
Accordingly, since only a small amount of stroma actually survives in a corneal 
transplant, the dose of antigen (number of cells) introduced is extremely small 
when compared to that ina skin graft. It is therefore entirely possible that the 
amount of antigen liberated from a corneal graft may be below the level which is 
necessary to produce an immune response in some animals. In support of this 
inference, it has been noted by Medawar that the dermis survives for a much 
longer time than does the epidermis in skin homotransplants. Billingham and 
Boswell likewise observed that when homografts of corneal tissue are trans- 
planted to the skin of an animal, the corneal stroma survives for a considerably 
longer time than does the epithelium. 


Evidence that Corneal Homografts Participate in the Immune Reaction 


The material just presented explains why corneal grafts do not always react 
to the immune response in a manner similar to that of other grafted tissues, 
Let us now consider experimental evidence that corneal tissue is capable of 
producing an immune reaction in a recipient animal and that recipient tissue is 
capable of responding to this reaction. 

Billingham and Boswell, in an ingenious set of experiments, have shown that 
when homografts of corneal epithelium and stroma are transplanted to the chest 
wall of the recipient animal, these tissues are destroyed in approximately 17 
days. Ifa second set of corneal epithelial grafts are then transplanted from the 
same donor to the same recipient, the grafts are destroyed in approximately 
seven days. These investigators have likewise demonstrated that immunization 
by corneal epithelium will subsequently produce an early breakdown of a second 
~ set of skin grafts when transplanted at a later date from the same donor to the 
same recipient. They have also shown that a recipient specifically immunized 
to skin will demonstrate an immune reaction or early breakdown of a second set 
of corneal epithelial grafts. Conversely, they have shown that when skin is 
grafted to a pocket in the center of an avascular cornea in a specifically im- 
munized animals, the graft is capable of surviving for a period of 20 days, 
whereas a comparable graft inserted into the chest wall is destroyed in seven 
days. 

Billingham and Boswell have accordingly demonstrated that the corneal 
epithelium is both capable of eliciting and reacting to an immune reaction, that 
the corneal epithelium and skin have a common antigen, and that the isolation 
of a skin graft in an avascular cornea will protect the skin graft from the immune 
reaction. These experiments, however, cannot be used as absolute proof that 
corneal homografts are capable of producing an immune response, or that they 
are susceptible to the immune response for, as mentioned previously, corneal 
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epithelium does not survive transplantation in the ordinary technique of corneal 
grafting. ye Fem 

There is further evidence! however, which we have obtained in our laboratory 
that, when corneal. grafts are performed on rabbits by the usual clinical tech- 
nique, these grafts can be influenced by an immune reaction in the recipient 
animal. In approximately 200 successful homocorneal transplants to rabbit 
eyes, only six transplants developed a delayed clouding (i.e., a reaction to the 
immune response).* All six of these grafts became vascularized during the 
second to third postoperative week. There were a number of other transplants 
which did not develop opacification in this series although the recipient cornea 
became vascularized to the edge of the graft, or the graft was actually invaded 
by vessels. We cannot readily explain why the immune response did not affect 
these transplants, but it is possible that there was not enough antigen liberated 
by the transplants to produce an immune response. 

In another set of experiments, the dose of antigen administered was increased 
by transplanting a 2-cm. piece of skin into the abdominal wall of the recipient 
from the donor which supplied the corneal transplant. By this technique, we 
were able to produce a delayed clouding in 62 corneal grafts as late as eight 
weeks following corneal transplantation (FIGURES 6 and 7). The opacification 
of the corneal graft usually occurred from one to three weeks after the skin was 
inserted. This is about the time one would have expected the immune response 
to skin to develop. 

Clinical and histological examination of the homocorneal transplants which 
develop a delayed clouding reveal, first, a damage to, or loss of, the corneal 
endothelium, with resultant edema of thf corneal stroma. Following this, 
there is a marked leukocytic infiltration of the corneal transplant. This 
histological reaction is similar to that noted in the dermis of skin transplants 
which are being destroyed by the immune response. In some instances, there 
is an obvious reduction in the number of corneal stromal cells in the trans- 
plant, but, in others, it is difficult to determine whether or not there is any 
appreciable reduction in the number of corneal stromal cells. 

In 32 eyes in which blood vessels did not grow into the recipient cornea for 
more than a few millimeters, none of the corneal grafts showed a delayed 
opacification, even though two or three booster skin doses were inserted into 
the abdominal wall. These results amplify the evidence that vascularization 
of the tissue immediately surrounding the graft, or of the graft itself, is essential 
for the immune reaction to occur in the donor tissue. Additional evidence of 
the importance of vascularization of the donor material in producing the 
immune response has been demonstrated by a series of corneal heterografts. 
In eight instances in which penetrating heterografts were placed in the eyes of 
rabbits it has been possible to preserve the complete transparency of the corneal 
graft by suppressing the vascular invasion of the recipient cornea by the ad- 
ministration of topical cortisone. These eyes have been observed for a period 
of one to five months. In 30 heterografts, when the vascular response was not 
suppressed, the transplants all became vascularized and opaque in three weeks. 

One observation which should be investigated further is that homografts of 


* Doctor Gerald Van Alphen has collaborated in recent work on this problem. 
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FicuRE 6. Clear homocorneal graft in a rabbit four weeks after operation. 


FIGURE 7. Same eye as in FIGURE 6. Dense clouding of corneal graft six weeks after operation produced 
by insertion of skin in abdominal wall of recipient four weeks after corneal graft. 
the cornea in rabbits do not show a delayed opacification when the booster dose 
of skin from a specific donor is transplanted six to eight weeks after corneal 
grafting. A specific answer to the question raised by the apparent resistance of 
these grafts is not available at this time, but three possible explanations are 
apparent. First, the donor stromal cells are replaced by cells from the re- 
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cipient. Second, the blood vessels in the recipient cornea extending to the edge 
of or into the graft have become attenuated to the extent where they are no 
longer capable of producing the immune response, Third, the donor tissue has 
become acclimated: to the recipient animal. In contrast to these results in 
rabbits, we have noted that a delayed opacification can occur in human corneal 
transplants as late as two years after grafting. 

In another series of experiments, we.attempted to determine why it was 
esééntial for blood vessels to.invade the donor material before opacification 
occurred. We thought that either humeral or cellular antibodies were being 
transported to the donor material by the blood vessels. In four instances, 
serum from a specifically immunized recipient was injected either into the 
surrounding cornea or into the graft. In 13 instances, leukocytes which had 
been separated from the blood of the specifically immunized recipient were in- 
jected into the graft or into the cornea surrounding the transplant. In no 
instance was an opacification of the graft produced by these means. This ex- 
periment indicates that either the immune reaction is not attributable to an 
antibody carried by the serum, or by leukocytes, or that we were not able to 
inject a high enough concentration of these antibodies by this technique into 
the donor material.* 


Conclusions 


(1) The cornea is an excellent site in which to study the mechanism of the 
immune reaction for several reasons. The clinical response can be readily 
observed. The donor tissue can be isolated from blood vessels of the recipient, 
or vascularization can be induced as desired. Finally, the various substances 
which are suspected of containing antibodies can be tested by injecting them 
into the donor tissue. 

(2) There is both clinical and experimental evidence that corneal homografts 
are capable of producing and reacting to an immune response. 

(3) This response is a systemic one, and the antigens which produce it are 
shared in common by the skin and cornea. 

(4) Vascular invasion of the graft, or at least to the immediate area of the 
transplant, is essential before the donor tissue is injured by the immune re- 
action. 

(5) Occlusion or thrombus of the blood vessels immediately surrounding the 
graft is not the fundamental reason why homotransplanted tissues are des- 
troyed; for the surviving cells in a corneal homograft are not totally dependent 
on the abnormal vessels in the recipient cornea for nutrition. 
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IMMUNE BIOLOGICAL RESPONSE IN CORNEAL 
TRANSPLANTATION 


By R. Townley Paton 
Manhattan Eye, Ear and Throat Hospital, New York, N. Y. 


A disturbing phenomenon in keratoplasty is the occasional late clouding ofa 
previously transparent graft, without apparent clinical causes. Various inter- 
pretations have been offered, recent studies by Muller and Maumenee, Klima, 
and others suggesting that an allergic reaction is involved. 

Paufique, Sourdille, and Offret in 1948 applied the term maladie du greffon, or 
illness of the graft, to the inexplicable development of necrosis and opacity in 
grafts implanted under normal conditions, with no manifest operative com- 
plication. On the basis of their clinical observations, the authors described 
three types of maladie du greffon. 

The first, which sets in before the tenth postoperative day, is presumably due 
to a local allergy. The authors suggest this causal factor in view of the sudden- 
ness and intensity of the symptoms: the graft becomes yellowish and necrotic, 
the stromal lamellae are destroyed, the cell nuclei become extremely basophilic, 
and the cells die. The necrosis is aseptic, as shown by negative results in tissue 
cultures. 

In support of their tentative theory, the authors point out that illness of the 
graft occurs less often with transplants from cadaver eyes than with fresh cor- 
neal tissue. 

The second type of opacity, which occurs in the third postoperative week, 
has atoxic origin. Early in the third week, the graft ceases to be self-sufficient 
in nutritive substance and becomes dependent on the neighboring host cornea. 
If the nutritive supply is inadequate, the graft becomes opaque, with the devel- 
opment of vascularization. The authors suggest that the necrotic tissue 
causes the formation of toxic substances and proteolytic enzymes with a 
physiological effect comparable to that of histamine. 

Finally, the authors cite the delayed opacity that sets in after weeks of 
perfect transparency. This development, which involves invasion of the 
graft stroma by capillaries, fibroblasts, and rare cells of the host, is irreversible, 
the only course of action for the surgeon being a new graft. The process 
constitutes an invasion of the graft by host tissue, with vascularization some- 
times preceding and sometimes following the graft disturbance. The authors 
could offer no definite interpretation of this type of clouding. 

Barraquer describes an opacity, or hypotrophy, which may develop in a 
transparent graft 20 days or more after surgery. He attributes the pathology 
to nutritional lack. While the time of onset is somewhat later than that set by 
Paufique ef al. in describing their second group of opacities, the interpretation 
is similar: after the initial three weeks, the graft becomes dependent on sur- 
rounding tissue for nutritive elements. Hypotrophy develops when the supply 
is deficient. 

According to Barraquer, the initial signs of hypotrophy are edema and a dif- 
fused turbidity, particularly in the center of the graft. The periphery is usually 
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more transparent. Slitlamp examination shows the graft enlarged to two or three 
times its normal thickness, or even more, especially in the center. The epi- 
thelium has an unglazed appearance, is missing in part, and shows some vesicles. 
Descemet’s membrane is folded in various directions, the folding often being 
the first sign that the graft nutrition is inadequate. 

Barraquer states that the specific causes of nutritional deficiency may lie in: 
the nature of the corneal disease; profound uveal disturbance ; disturbance of 
the precorneal lacrimal film; thinness of the recipient cornea or excessive 
thickness of the graft in nonpenetrating keratoplasty; faulty coaption of the 
wound or frequent gaping; displacement of the graft. Of these complications, 
the last three are attributable to a defect in the coaption or fixation of the graft. 

Castroviejo pointed out that mild uveitis occasionally develops in a previously 
clear transplant three or four weeks postoperatively, with resultant clouding. 
In some of these patients, a focus of infection can be found, and its removal 
benefits certain cases. 

Klima stated that transplanted corneal tissue may become an antigen, in 
which case an allergic reaction will occur in the transplant. This conclusion 
was based on experiments in which crushed corneal tissue was injected in rabbit 
corneas, two injections being given 14 days apart. When corneal extract taken 
from one eye of a rabbit was implanted in the other cornea of the same animal in 
two successive injections, no keratitis occurred. When homologous injections 
were given, the second injection coming from a different donor, only one ani- 
mal in 17 developed a keratitis. Of 45 rabbits receiving two successive in- 
jections from the same donor, however, 40 per cent had a keratitis. 

The explanation for the reactions in the last group, according to Klima, 
must be sought in immunobiological (group-specific) differences between host 
and donor. Clinically, autoplasty gives good results in nearly all cases; 
heteroplasty fails, chiefly because of biological differences between host and 
donor; while homoplasty lies between these extremes, with chance determining 
whether or not a host meets a donor immunobiologically related. 

Babel and Bourquin, who reported success with heterotransplants in rabbits, 
found that a second heterograft, performed in the other eye of the same rabbit, 

nearly always clouded, whether the second implant was taken from the same 

species as the first or not. The reaction did not, however, affect the trans- 
parency of the first implant. If this was clear at the time of the implant in the 
second eye, it remained clear. Histologically, the reaction following the second 
implant was similar to that seen with badly tolerated single grafts: marked 

_ infiltration and vascularization in the region of the recipient cornea, the graft 
taking little part in the process. 

The authors point out that the reaction provoked in the recipient cornea by 
the second heterograft cannot be explained as an infection, but rather as an 
anaphylactic reaction. It is attributable less to the animal species involved 
than to the corneal tissue itself. They have confirmed the reports of Muller 
and Maumenee that a homograft in a rabbit cornea will cloud if skin from the 
same donor is implanted subcutaneously within six to eight weeks after the 


keratoplasty. 
Muller and Maumenee have demonstrated that a clear homograft in a rabbit 
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cornea will cloud in most cases if the animal is sensitized against the donor 
material within six to eight weeks after the keratoplasty. The sensitization was 
produced by an implant of skin under the abdomen of the rabbit. The reaction 
that followed the skin implant in most of the animals closely resembled the 
occasional clouding of mechanically successful grafts in the human cornea two to 
six weeks after keratoplasty. It is believed that the delayed clouding of corneal 
homotransplants, with no apparent clinical cause, results from a donor-recipient 
sensitization. Maumenee points out that the corneal homotransplant in the 
rabbit is far less prone to delayed opacity than in the human. Only one out of 
60 such grafts that were clear or slightly hazy two weeks postoperatively be- 
came cloudy later. Presumably the rabbit cornea is less subject to a donor- 
recipient sensitization than the human. Moreover, the implant is usually 
small in relation to the total rabbit cornea. To observe the effects of an in- 
creased dose of antigen, skin from the donor of the corneal graft was implanted 
in the recipient rabbit. In the first experiment, 12 rabbits received the skin 
implant two weeks before the keratoplasty. All the corneal grafts in this 
group clouded. The same result was obtained in eight animals which had the 
implant at the same time as the graft. 

Skin implants performed in the early weeks after keratoplasty had a similar 
result, the effect diminishing with the increase in time interval after kerato- 
plasty. Thirty rabbits with clear or slightly cloudy corneal grafts received skin 
implants two to four weeks postoperatively. Twenty-eight of these clouded. 
A further experiment was performed to determine whether the deleterious 
effect of these skin implants was due to an individual or an organ hypersensitiv- 
ity. Skin from a donor other than that supplying the corneal graft was im- 
planted in 14 rabbits two to four weeks after the keratoplasty. Twelve of these 
grafts remained clear. Thus the reaction following a skin implant from the 
same donor was attributed to an individual hypersensitivity. 

Experimental skin implants performed later in the postoperative course after 
keratoplasty indicated that the biological individuality of the corneal graft 
lasts only six to eight weeks. No clouding occurred in seven animals sensitized 
six weeks to four months after the keratoplasty. On the assumption that the 
stromal cells, not the fibers, cause the sensitization, Maumenee concluded from 
these experiments that the stromal cells either survive or maintain their identity 
for a month to six weeks after the graft, then die or assume the character of the 
host. In another article, Muller and Maumenee point out that the hyperergic 
opacifications seen after sensitization have a threshold character, and that the 
antigenicity of the corneal homograft fades with the course of time. 

Since cortisone serves to depress the response of tissues to allergic states, its 
effect was tested in a few of the rabbits having opacities following sensitization. 
In three animals, cortisone produced clearing of the graft. While the studies 
with cortisone were limited, Maumenee suggested that it may be possible to 
block the delayed clouding which results from a donor-recipient sensitization 
through ACTH and cortisone therapy. While the effect of these drugs lasts 
only briefly after administration, the biological individuality of the graft 
apparently fades in six to eight weeks. 


In support of his theory regarding individual hypersensitivity in some corneal 
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grafts, Maumenee cites the findings of other researchers on the sensitization 
produced by transplants of nearly all body tissues. Exceptions are grafts 

between identical twins, in which a biological similarity obtains. Also, trans- 
plants of cartilage succeed, presumably because the graft contains few cells, and 
these cells are protected from the blood vessels of the recipient by the car- 
tilaginous matrix. Similarly, the poor antigenic properties of the corneal 
homograft may result from its relative paucity of cells and the avascularity of 
the recipient bed. Unlike the skin transplant, the corneal graft does not un- 
dergo a massive destruction of the stromal cells at any one time in the postoper- 
ative period. In some instances, however, a donor-recipient sensitization 
causes a destruction of the corneal homograft. 
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